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Objective 

*riir ohj«'tlivfs 1)1 I his I'llorl wtTt* n cotuprclitMisivr n^vit'w of lln' U*inii (mining lil<T<ilurr ;iimI <in 
idriilint'iilioii of tlit> iiit)sl iiiiportciiil nrcns foi Air Vonv (cam (milling rrscan'li iiiiii drvt'ltipinciil (KxDK 

Backgro uiid/Kutio iiule 

To meet peaeetiiiit' readiness and wartime eiii|)lt)ymeiit ol)jt>e(iv<>s. Air I'tirce |MT>tMiiiel must perform 
idfiMiividy in leanis: tln'n'fon'. .simn' ly|M' of h'am training is necessary. The t»ffi<-icn<-\ and effciiivcnt»>s 
td* lliis team training is a mailer of lii^li prioril\. 

I id'orlunalely. liltle HiKi) has hceii ct)iidnclcd (ni lt>ain (raining. As a ctmsc(]n<'nrt\ I he i- <'hii«)hi<j;\ of 
team training is |M>orly devt>h>|)ed. I*n)ven Icchwiipit's and mclhods arc nt)l avaihddc o snpp«)rl lh«* 
s|)e<'ificalion of tt'ain Irainiii^ re(]nirciiiciils and (he devchipmeiit t)f leant Iraiiiiii^ programs. I'his >hid\ 
was made lo clarify ihe perlineni lcchiioh)^y and to identify ntM'tltMl Hi^l). The nv^uhs o{ ihis slnd\ will Im* 
used l>y tlie l.al>oralory in planning HiKl)t)ii Icain Irainiii^. Stnne findings will he of use in planning tram 
training programs. 

Approach 

Pertinent materials wt're sought from all sources. Documcni.s prior lo I and rescan h on >niall 
group heliavi«>r within a soi ial psychological conU^xl w*Tt* liniiu^d lo a f*»w n»pr«»s«»iilalivf» n»vicw arti< h»>. 
Hundreds of souni' documents wi*n* redu<***d to approximately 100 rcl(*vanl n»p«)rl>. Khc app<Mi<ii\ 
contain.*^ an anii«»tal4'<l hihiiography. 

Specifics 

Findings are pre.stMiled on tht* following i.ssu«'s: d«d*inilioiis. iiulividual <'hara<i<'risli<*s. task 
characteristics, ti^am cliaractcristit-s, kiiowl«'dg«' of results (f«'edhack). performance <d)jc«livt»>/ 
measurement/evaluation, and instructional system dcv«'h>piuent. 

The charact«'risttcs used lo define **a team" strongly influ«'nc«' lh«' variahlcs which arc invesligalcd. 
One popular view of a team include.s liardwar«' and software capahililics. and the limitali<ms and 
interactions of thl^sr with people, as researcli paranu'tcrs. Another view of the team involves a "syiulieli<' 
organism" concepluali/.ation which «'inphasi/.es adaptation, group fecdhatk. and an einpliasi.s on the 
cognitive aspects of learning. Yet another approach einphasi/.es tlie stimulus-respoiis«' asp<'cls «)f learning 
and concentrati^s on the individual and his conlrihution to tli«' team pntdut t. 

Individual characteristics, learner strategies, and d«'cision-inaking ahilities affect tiic functioning id* a 
(cam. Some es.sential capahilities can he developed through training: others can not. At times it is 
necessary to sele<'t team meinhers with the necessary cliaracteristics. rather than de|H'nd tm training to 
develop the capability. 

The resirarcli reviewed supports an "e^tablished-einerg«Mit" ta.-k distincttim as a critical (^onsitlcratitm 
in the training of teams. .\n established situation is one in which cimditiiuis are specifiable aiul predi( tion> 
can bi^ made about the probable consequences of alternative actions. An enu'rgcnt situattiui lacks specific 
environnumtal conditions, docs not correspond to rclied-upon prcdi<'tions. aiul resists analytic sidutions. 
Whether conditions can be anticipatt^d and prepared for has an obvitms impact on what shtndd. or even 
can. b«' trained. Other task considerations include task load, which appears to a measure of (ask 
difficulty, and thi; adequacy and appropriateness of training (dijectives. 



CooiMTalioii. nHM-diiKilioii. mu\ r(»niiiuiiiit ;ilioii ;i|>|H'iir to Uv >ifxiiifi( aiil |Kiraiiu'itT> in iIh* Iraliiiiifj: v»I 
h*aiii>. fUr i (Hi>i(lrral»h' «'vi(h'im« llial ha> Imtii r<»lln h«(l >iif:f:r>l> iIkH lhr>r iiia\ Im« llir (jiialilifs llial 
raiiH* Irani oul|>ul. r>|MTiall\ in riiirrjZfiH >ilualu»ii-. lo a|»|M«ar lo r\rrnl llir mini oI iiidivulnal oul|>nl>. 
Tram orfzain/alion. sirnrliirr. ( oiii|H»>llioii. ami >i/r also a|>|H'ar hi ( (>iilril>nlf lo Irani rllrrUvriir» in 
roiii|»lr\ \\a\ 

h >ri*ni> a|»|»n»prialr lo var\ llir l\|»r ol Iri'dhark providrd (iiidiviihial or fjnnip) \villi llir inodrl ol 
ihr Irani a<l<»plr<l. h llir Irani i> virwrd a> an orfrani>inir I'liliu . llirii fjroiip Irrdhark is a|>|»rof»riiilr. II llir 
individual roiilril»uli(»iis of Irani niriiihrrs arr ron>i<lrrrd iiiorr ii!i|K»rlaiil. ihrii individual Irrtlhai k i> 
iiiorr ap|»ro|)riaU*. II llir opinion i> llial a Irani is sonir » iniihinalion oi holh. ihrii a r(Miil>iiialion oi' fjrou|> 
and individual Irrdluuk r(nniiMMisnralr willi lUrir rrlalivr conlrihulion^ lo Ira'n onl|>ul >rriii> 
a|>|>ri>|>rialr. 

Adr(|iiair nirasumnrnl <»!' Irani (MTioriiianrr iiira>nrrinriil isr>sriilial l>olli lor RXDand oprralional 
Irani Iraiiiintr. Tliis arra i> n(»l wril ilrlinril and lo siniir drjjrrr rrl^'rls llir anil>ifjuilir> asMu ialrd wilh llir 
drrinilii>n ol' llir Irani ilsril. Irani l»rliaviors. ami Irani lunrlioiis. Tliis is an arra in wliirh llirrr i> a rlrar 
iirrd lor >\slrnialir iiivrslifralion. 

An rssmlial slrp in ini|>n»vrnirnl ol' riirrrul Irani Irainiiifr I. i linolo^'v i> drvrlo|nnrnl (d a syslrmalir 
approarh lo Irani Iraininp profrraius. CurrrnI Inslru* lional S\>lrni I )rvrlopnirii! (ISD) irrlinoFo^'x tlors iiol 
providr an adripialr nirans lor idriiliiiraliou an*l ronsidrralion «d' Irani Irainiiifj rr(|uin'niriil>. h l'o( nsrs 
on idrnliliralion ol individual Irainiiifr rr(|uirriurnl>. As an inilial and niana^'.'aldr rir>l >lrp in an rilorl 
lodrvrl(»p a nirlliodolotry for Irani Iraininfr. Iii^'li priorily slionid l>r fjivrn lo drvrlopiurni of atlnjiialr 
Uisk or lunrlion anaUlil lrrlini(pirs for nsr in ihr idrnlinrali*.n and drs.riplit>n of Irani Iraining 
rrtpiirrniriils. 

(i(»n<*lusions and Kr('t)mmandations 

InlrrrsI in Irani Iraininj, rrsis on llir assiiniplion lliai Irani onlpnl is HHnrlliiiijj ni;>rr llian iIm* sum of 
individual «>ulpuls and llial sonir ilislinclivr rlrmrnis drirri .im* Iram .di'iM livrm^s and riiiririirv. 
rnforlunalrl\. llir idrnliliralion. ipianlifiralion. appliivlion. nirasnrrm.'ul. and rvalualion (d* ihrse 
elrnM'nl> liavr provrn ipiitr rinsivr. Drspih' an iniprr<>ivr amoiinl of rrst-arrli rondurird in llir Irani 
trainintr arra lo dalr. major i»nr> rrmain lo hr invi-slifralrd in rarli of llir arra> inrlndrd in lliis rrvirw. 
parliriilarK a> llir\ rrlair lo llir niililary Iraining rnvironnirnl. 

rrani Iraininj; i> rssrnlial lor produrin^r and mainlainiiifr rriliral profiririiry in nian\ lyprs of 
oprralional unil>. A syslrmalir profjram of RXD should l>r nmlrrlakrn lo rUMirr rflrrlivr and rffn irni 
prrformanrr of mililarx lram>. A rras(nial>lr lirsi sirn v.;m.M l>r lo drirrniinr how Irani Irainin^' riirrrnlK 
is rimdurlrd. A llioron^di asH'ssmrnI of ihr rnrrrni slalus td Irani Irainiiifr >lionld idrnlify isMirs lhal ran 
hr addrrssrd willi Irrhmdofrv whit li is rurrrniK availahir or rasily modifird. Snrh an assr>>mrnl aUo 
would idrnlif\ prohlrni issiirs rr(piirinfr furlhrr rrsrarrh. 

riir lark (d adiMpialr assrssnirnl/nirasnrrmrni lrrhni(pirs for Irani hrliaviors is anolhrr arra o\ hifili 
polrnlial pa>olf. A ihird arra of hi^'h payt»lf is modificalion of ISD Irrhnitpirs for liir idrnlifiralion of 
inlrrarlion. roiiiniuniralioii. r(M»rdinalion. drrisior) makiiifr. roinposihoii. sirnrlurr. and ollirr (prrliaps as 
\rl nnidrnlifird) Iram prrformanrr variahlrs. This rrvirw slunild hr nsrful in siriirlnrinfr an HXD 
program on Iram Iraining. 



7 



FRKFACE 



A rovirw of llio lilrralurr on tram training was f»iMhu*UMi l)y llu» Logistics and MVi'linital Training 
Division of iUv Air Forcr Human Resources Laboratory. Wriglit-Fatterson Air Fon c Base. Oliio. Iictwecn 
June and September l*)79. Tlie effort supports Project 1710. Training for Advanced Air Force Systems. 
Mr. Bertram Cream. Project Scientist; Task 1710-03. Training Implicalions of New Military Technology. 
Mr, Bertram Cream. Task Scientist; Work Unit I7I0-03-47. Team Training (T^) for Conunand. Control, 
and C!omnuinication (C^) System Operators. Mr. Roland Denson. Work Unit Monitor. The review was 
accomplished in-house to serve as a duia base from which contractor as well as in-liouse investigatitins tif 
C'^T^ would enuTge. 

Acknowledgment and appreciation are extended to Mr. Bertram Cream. Dr. F. Thomas Eggemeier. 
and Dr. (Gordon Eckstrand for their careful review and t*oiiuiients. 
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TKAM TRAINING: 
LITERATURE REVIEW AND ANNOTATED BIBLIOGRAPHY 



I. iNTi»DrcnoN 



Whilr t'vtTvone proft'sses inliiilivfly lo ablr \o 
rerognizi* a good ItMni. (ihe "I'll know il whrn I sre il" 
phenomenon) no one st*eins lo be able lo arlirulaie ils 
diniensions whh suffirienl rlarily lo perniil ihe 
development of l raining proeednres for produring il. 

-Halt & Ri//o. I'):5 

The ability of the Air Force lo operate and maintain ils weapon and support systems to meet 
peacetime readiness and wartime deployment objectives depends, to a significant degree, on the ability of 
Air Force personnel to perform effectively in a team environment. In recognition of this fact, some type of 
team training is usually the final preparation for operational readiness. The efficiency and effectiveness 
with which this team training is conducted is obviously a matter of high priority. Unfortunately* while the 
Air Force has invested considerable resources in Research and Development (RitD) on individual 
training, team training has been almost completely neglected as a subject for R&D. As a consequen^-e. the 
technology of team training is poorly developed, and proven techniques and methods are not available to 
support the specification of team training requirements and the development of team training programs. 

Over 15 years ago, Eckstrand (1964) noted that '\ . .a psychology of training is developing which is 
separate and distinct from a psychology of learning; separate and distinct in terms of the goals, 
hypotheses, methods of investigation, and criteria by which its development is measured." This 
psychology of training and many of the considerations that impact the team training domain are addressed 
in this report. 

Several major factors that potentially influence the conduct and effectiveness of team training have 
been identified in the process of this review. These factors include the characteristics of the individual 
team members and of the task to be performed, as well as the characteristics of the team itself, the use of 
knowledge of results, and the development and evaluation of team performance objectives. Each of these 
major subfactors constitutes a portion of this review. 

Occasionally, the issues raised may be examined as discrete entities, such as team versus multi- 
individual assessments which lead either to measures of team performance or measures comprised of the 
sum of individual performances. Another type of discrete choice may be made between the parameters 
that a researcher wishes to contrt)! (e.g., varying input fidelity or output fidelity). These discrete choices 
are arbitrary designations, but the majority of the issues affecting teams and their training preparation can 
be most appropriately placed on a continuum at various points between the extremes. An issue might 
involve the amount of feedback required for effective team training rather than whether or not to provide 
knowledge of results. It may not be possible to describe a situation as ''established'' or "emergent" 
(Boguslaw & Porter, l%2). but as some combination of both. It is sometimes apparent that a Usk may be 
many different things at once. For example, a Usk may be both a response to a stimulus and a stimulus to 
additional responses. 

These and other considerations are often found to be situation specific. That is, they change in 
importance or in applicability, depending on what is to be accomplished. The constant in any study should 
be the unit of work being investigated. In order to contrast and compare studies and findings, the 
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|M'rloriiiaii(T units lioiiip <lis(uiss<Ml should also hi' oqiiivalont. Tlif issue is out' ot soiiii' iiia^iiiliith' a> (|uiti' 
ollon I'quivahMK^y ol tiTiiiiiiolo^y was not the oas<' iu tin' literature n'vii'wod. I lu' toaui has many aliasis 
(and as many di'finitioiis): i.e.. fjroup. small f:rou|). t rrw. unit, multi-individuals. orMjuad lo uaun'a IVw. 
A roviow of many of thrsi' alias<N is fontain<'<l in tin' ni'xt siTlion. 

'riu' sourc<' matfTial for this rrviow ol* thr team training liU'raturt' was d<'rivi'«i from ^o\ orumi'nl 
doruiucnts. iiulustry roporls. ami journal puhliratioiis. Tin' n'sourrt's soanln'd for n'h'vaiit inati'rial 
im hnh'd (a) Psyrhologirai Ahstrarls. (h) tlu' National IVrhniral luformalion Si'rvici' (NTIS). (r) tin' 
Kdinalioiial Rcsrarrli Infornialioii Conh'r (KKK*.). (d) thr Air Fon t' Vi rijjht Ai'ronantiral l.ahonUorii's 
(AFWAI.) I.ihrarv. (r) tin- M ciisc 'IVclmifal lidormalioii (.oiili'r (DTK!), (f) ('.oni|Milrri/t'd 
AutoinaU'd Data on Instructional Terliimlo^'y (ADIT) file, (jj) llio lolh'Hion of doruinonts maiiiUiin('<l at 
llio Air Fono Human Rosourn's l.ahoratory (AFHRI.) al Wrifrhl-Pattrrson Air Ft»rn' liasi'. and (li) thr 
lihrarios of Wrij»lu Sialo I nivorsily and of tin' I nivrrsily of Dayton. 

Tln» lilcraturc ri'virvi »vas as compn'luMisivt' as prat-liral within tin' roiistraiiils of liino and availahh' 
rosourri's. Doru'uiMils prior to l%0 and ihr pr<'poinlrran<r of rrsraroh on small fjroup hchavior within a 
social psychological cont^'xt w<'ro limit<»d to a IVw re pn'scii (alive n^vi^'w arlii lrs. Tin' goal was to idi'iilifv 
nirrnit issues in team training as they mosi appropriately apply to a military eontext. N-.i anempi was 
made lo provide definitive answers lo issues associated wiili effrelivt* training of leauis. The review was 
imt intended tt> identify sp(M*ifie solutions to team training prohlems. hut rather foeused on polenliallv 
signifieant faelors in a very (*omplex hehavioral process — leaiu learning ami team p< rformanee. The 
review is inteuded to serve as a fo«'al point, a place of <l( parture. and a n'sonn'c for improving the stale-of- 
tlie-arl in team training. 

II. DKFIMTIONS 

Team 

In 1055. Glaser and Glanzer proposed tlitt the primary (*hara<'lerislic whi< h distinguishes a "leain" 
from "a collection of individuals" is the team-communieation structure. (!oninuuii<*ation was 
operationally defined to include "all interactions betw<'en team members and between th<' team and the 
environmeni lliat are necessary for accomplishing a task." It may he noted that within this <lefinilion ihe 
communication outputs of one individual may serve as connnuuicali<m inputs IVt others. Although ut) 
formal team communication pattern was assunn'd. the communication flo^ b* tw^'en team un'iuln'rs was 
described in terms of input, process, and output with ordering accordi."f^ to tin .cquent e in which they 
occurred. Team behavior was th<'n analyzed in terms of the Jin:i .i »* 'i. and pnnH'Sses <if tin' 
communication flow. 

Boguslaw and Porter (l%2) defined ; leani in terms which applied to work groups of varying 
compositions, sizes, and goals. Included in their analysis of team behavior were machint's. t'oniputer 
software, and "programs of interaction"" which contribute to the achievement of sonic system goal. The 
relationships between men. machines, and work procedures were assuunul to have meaning lo the leain 
only insofar as they facilitate or hinder the aeeomplishmenl of the system goal. Boguslaw and l*orter"s 
definition of the term "team** followed from their assumption that it should represent more than jnst the 
relationship among people. They described "a relationship in which people generate an<l use work 
procedures to make possible their interactions with machines, machine procedures, and other people in 
the pursuit of system objectives.** Their definition was an early attempt to distinguish the term "team** 
from such often interchangeable terms as group, small group, organization, social system, and so<*iety. 
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Ilorrock.**. Ilooriiiuuu. and Kriifj dovrloprd llioir ooiicrpl ol a Navy lt»aiii Iroin \'\vU\ 

observations at Navy tt^ani training installations. Tlio Navy (cam was s<mmi as a 'lask-oriontrd or^ani/alion 
of individnals interacting to achieve a sp<'cifi<'d goal/' Fask-oritMitation*' implied a specifically defined 
job task and ^^organization" iniplit^l an inter-dep<'nden( parts strnctnre in wliieli each nieinher had a 
specific function. The Horrocks. Krng. and Heerniaun (H)()0) description of a "structured aiul (ask- 
'•riented group" further implied thai the individual nuMuhers have differentiated roles which are usually 
resigned and imposed from outside the group. This structure enhances task acconipli'^hment. hut further, 
it may pre-determine the direction that task acomplishnuMit takes. *Task orientation." as used, also 
implied that the group exists for a specific pnrpo.se whit'h provides justification for the formation of the 
group. 

Briggs and Naylor (\^)M) carried the Horrocks. Krng. an<i Heermann (l%()) defiiiititni <il a teani one 
step further in specificity when they defined it as '"a group of two or nmre operators wxirking in a 
structured and task- or goal-oriented cnvironnient."" The struct ure was considered formal in the sense that 
the organi/ation of the structure defined the functions to W carried out. the .secpieuet* ol the I unctions, 
and the nature of interactions among individuals. Naylor and liriggs (I*)(k>) ctuisidered this "sirurlnre" 
and "'task orientation"" to he the factors which differentiate a team from a small group. 

Kennedy (l%2) perceived ""task-oriented groups"" (i.e.. teams) as ""synlhetir organisms'" in which 
individuals becouu' nu'uihers of a greater entity. The "synthetic organism"" was described as showing a 
cohesiveness not unlike the cells and organs of a biological organism. This "biological organism 
hypothesis of the team focused easily upon growth, development, and life-< yi le i banges as salient 
features. There were three concepts assumed to form the basis of this d«»velopinent process: (a) the 
development by an individual team member of the ability to relate his/her task to the functioning of (he 
entire team, (b) the development of some awareness of the range and limits of possible input conditions, 
their frequencies, and relative importances and a capacity to anticipate, and (c) the development of an 
ability to adjust quickly and appropriately to unexpected situations. Collins (1^)77) snnuued it up: 

KalliiT than lniil(in|! llic uhstTVtilinns tu iiipiit-nii({)iit 
roiulitioiis ami liiftTriiif! nlial Iran^pin's iM'tHccii llir (ho. 
this position fot'iisril on th<' prort'ss of atiaptation li\ tlir 
tram to cnit'rgent rliarartrrislirs of tin' cnviroiinirnt. 
t'inpliasi/in{; co^nilivr aspcrts of Irarniof;. 

Alexander and Cooperband (l%5) gave no implication of team performance as a psychological (or 
biological) product of some team entity. They referred to team outputs as the integration of individual 
member reactions to common situations. Team performance was considered an aggregate of the behaviors 
of the team members, influenced by a set of conceptuali/.ations each member has about the environment. 
They did allow, however, that "'the capacity of the team for performing tasks depends not oidy upon the 
individual capabilities of its members but also upon the way these capabilities are coordinated."" That is. 
the structure and coordination rules are not necessarily individual member characteristics, but are 
properties ol the team entity. 

Glanzer (1961) found it more difficult to deal with teams as simple units with nu^asurable 
characteristics. Glanzer studied several types of Navy teams in the field and recorded their activities in 
detail. Problems of unclear team boundaries, unstable team structure and composition, lack of 
centralization, interaction and coordination overloading, and self-generated team inputs led Glanzer to 
focus on individuals and their responses within the team. 

Similar to the Boguslaw and Porter definition of teams. Klaus and Glaser (l%8) of the American 
Institutes for Research Team Training Laboratory felt that a shortcoming of most research studies on 
working teams was a failure to recognize that members of such teams are highly specialized and have roles 
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thai are eilhrr assigned or delrriiiined primarily by the hardware with whieh they work. Studies desipm il 
10 deleriiiine the effeels of varying siriieliiral configiir^ilions and team organization have had to rontend 
with comniunieation networks and other indires of group strnetiire whieh of U n eonhl not he varied 
beyond very narrow limits while still permitting the group to fucM tion even at minimal levels. 

Klaus and Glaser. in contrasting the team and the small gnmp. r* cognized that hoth may profit by 
research, but that the kind of research most beneficial to each nia\ di^f^T Although both terms referred to 
"collections of individuals acting in consort. . a team was coi. • red to be ""well organized, highly 
structured, and to follow relatively formal operating procedures.. Teams, as opposed to small groups, 
were defined as more fixed in terms of structure, organization, and communication lines: having better 
defined individual assignments which allows better anticipation by other team nuMuhers: nu>re dependent 
upon cooperative and coordinated inputs from others; more often performing perrepiual-uiotor tasks: 
and following established job performance guidance. 

Small groups were contrasted as rarely so formal and without well-defined, specialized tasks, and 
were described as less structured, less organized, and loosely defined in tenns of conununication 
networks; having assumed individual contributions; more often requiring complex decision-making 
skills; and operating with a minimum of specific established guidance. 

Hall and Rizzo (1*)75). in a study designed to gather resource information foi planning purposes 
within Navy tactical team training, discussed the definitional problems of "teams"" versus ""suiall groups"" 
cited by Klaus and Glaser and reached a consensus. A compilation of much of the relevaul literature was 
presented and distinctions betw -en teams and small groups were listed. Hall and Hizzo concluded dial 
there are inherent differences in structure and function which distinguish between the two: ''Sludies of 
small groups typically involve the modification of organizational variables such as group struciure while 
team research normally emphasizes the manipulation of variables related to tasks and assumes a 
predetermined and rigid structure and communication network."" Even though Hall and Rizzo support(Ml a 
clear distinction between small groups and teams whieh clearly suggested different training approaches, 
they objected to "pat definitions"" on the grounds that the complex and variable nature of Navy leams M\ 
many questions unanswered. Of concern were the membership and nunu'rieal boundaries of a team and 
whether interinember interaction or communication should constitute a defining factor. It was decided 
that the minimum characteristics for Navy tactical teams would include a goal or mission orientation, a 
formal structure, assigned rob*, and a requirenuMit for interaction between members. The number of 
team members was not i.«nsidered a relevant comiideration. 

Meister considered the team the essential elenuMU in any multi-member system. While 

allowing that, in many ways, a team functions like an individual by responding to a mission requirement, 
performing tasks, receiving feedback, holding goals in common, and adjusting behavior. Meister and 
many others (Briggs & Nayh)r. I%4; Daniels. Alden. Kanarick. Gray. & Keuge. I<)72; Defense .Science 
Hoard. I W): Haines. I%5; Nieva, Fleishman. & Rieck, 1*)78) considered the distinctive team element (o 
be the interaction among team nuMid)ers. Attempts to focus on team interaction have traditionally 
investigated sonu» form of communication. In contrasting teams with groups. Meister allowed that the 
difference is a matter of degree, but described the critical difference as that teams are externally directed 
by mission requirements, procedures, and instructions while groups are more internally or self direcied. 

Meister cautioned that no conceptual definition of a team is applicable in all cirenmstances. The 
composition, distribution of personnel, behaviors observed, and interaction patterns all may vary during 
different tasks or at different times. Goncern was also expressed as lo what defines learn membership. 
Candidates might include presence during a team activity or the degree of interaction/communication. A 
distinction was also drawn between an individual's **inimediate'' team (usually relatively small and 
interactive) and his/her **extended" team in wliieh the immediate team is embedded. Team activily 
presented an additional defining difficulty. Should the unit of measurable activity include everything that 
a team does during the team activity (including incidental as well as critical functions and their 
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inleraclionsK or should it include disrreir l uiuiioiis only (perhaps overlooking inlerarlivo asperls) ? T\w 
point that Meisirr was driving home is that **lhe team as an observable entity may be very different from 
the team as a construet/* 

Team Training 

The definition of team training is eonfounded in much the same way as the definition of a team. The 
underlying assumption of team training is that there are dislinetive ehMuents uhieh determine tlu* 
efficiency of a team. It is these elenn»nts that must he trained. There has hvrti little success to date in 
specifying what must be acquired which is nmre than a combination of individual member skills. It is this 
difficulty that accounts for the fact that teamwork is not often taught in terms of skills and beliavi<ir.s. but 
by providing a context within which the individual practices with others (MeisUT. I*)70). 

Klaus and Glaser (I%B) in developing a conceptual framework within which to study team training 
viewed the team as a ^'single response unit, or module, having performanrr cluiracterislics which can be 
subjected to a variety of influences or contingencies similar to those wliicli have been previously 
demonstrated to be effective in modifying the responses of individuals." Their approach assumed the 
posture and principles of operant conditioning theory. The team product, rather than individual 
contributions, was the focus of their training research. 

Boguslaw and Porter (l%2), in their analysis of team functions and lrainiiu% offered a very broad 
definition of team training as *'any experience in which a team engages whii h resuhs in a change of team 
function, team organization, or team performance." The evidence that team training has occurred is in the 
changes or adaptations made as a result of experience. The experience iui»y be planned or it may emerge. 
The experience that does occur is evident in changes in work proci-dures, machine procedures, 
equipnu'nt, and proficiency. 

Wagner, Hibbbits, Rosenblatt, and Schul/. (I*)77), in a review of team training and evaluation 
strategies, chose to accept the Glaser, Klaus, and Kgerman (l%2) distinction between small groups and 
teams as opposed to adding yet another definition to the literature. They did. however, address the 
question of team versus multi-individual training. Derived primarily from llie (Maser, Klaus, and 
Kgerman discussions, 'Meam training" was defined by Wagner et al., as the training of two or more closely 
associated individuals. The team is structured and goal-oriented with well-defined member 
responsibihties. The functioning of the team depends upon coordination inputs from all members ami 
coordination and other related interactive activities are the appropriate focus of team training. 

''Multi-individual training** was distinguished as focused on individual skills, activities, and 
products produced by individuals who are associated in a group context. 

Alexander and Cooperband referred to team learning, perception, and l)ehavior in general as 

evidence that the members of the team have ''reacted to a common situation and have produced a product 
whieli integrates all the individual contributions." Team performance was considered an aggregate of the 
behavioral interactions of the individuals. There was no implication of a psychological product of the team 
considered as an "organism." Even so, it is interesting and useful to include the view of the team as a unit 
of investigation and to study what factors influence its functioning. 

Summary 

Those defining charaeteriHtics of a team that are adopted strongly influence the research nuMlelh 
used. The nmdel, in turn, influences the variables which are investigated. The view of the team that is 
held, Iherefore. dictates the contents of the data base by directing the research that is accomplished. 
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Bogii!<law and Porter's (l^)h2) drfiiiilioii led lo llir iiiclnsioii ol hardwarr and soilwan' rapahililii's and 
liiiiilali^'iis and llir iiiUTacMons of these with j)eo|)le as rescarrli |»aranirlers. Kennedy's (l%2) view ol llie 
team as a develofMnj? "synllH'tie or|?anisin" led lo investigations of adaptation and group feedhai k and an 
emphasis on the cognitive aspirts of learning. Klaus and (laser's ( M)(>8) sliinnlns-response view of the 
team led to research emphasis on die in<lividnars proficiency and contrihntioii to the team product. 

It is reasoiiahle that the three examples cited are each appropriate in a differeiU context. Vt here liltle 
or iH) interaction among team members is necessary for the successful completion of a task the stiniulns- 
response model emphasizing the iiulividual may he most useful for descrihing the team learning aiul 
perforiiiaiu'e process. Vt here there is coii.siderahle iiiteraclioii and interiiU'iidM'r dependency, individual 
characteristics may he lost in higher order interactions and the oidy meaningful view of the team may he 
as a d<'velopiiig eiility. In those situations where hardware and software can he sufficiently varied lo he 
consi<lered factors, their inclusion in the model seems appropriate. It is uidikely. however, that any team 
situation will he comprised of entirely interactive or entirely non-interactive processes* nor that hardware 
aiul software is either fixed or can hv vari<'d luryond reasoiiahh' limits. 

Perhaps the iiu)sl operationally relevant (h'finilional approach is a hyhrid one thai ev<dves with the 
relative position of the task on an interactive-iu»ninteractive contimuum. (!oiisiderati<m should he given to 
factors such as the hardware aiul software limitations, the composition of the team, its size* and the 
criticality of its mission. 

The defining characteristics of a team slumhl he derived from the leant of primary interest to the 
researcher. An assessment should he made as to where that team is positioned on the relevaiii conliiiiia (if. 
in fact, a continuum is appropriate) and the definition allowed to emerge from the team eliiiracieristics. If* 
for e\aiiiph\ iUv team of interest is within the ccmiinand* control, and coiniiiunicati<m {C ) domain, the 
defining characteristics (and therehy the model) will he influenced hy the interactive nature of the 
mission, the hardware/software limitati(ms of the e<]uipmeiit. ami the extreme criticality of the task. This 
critically will hear on individual proficiency requirements wliih' the uii< ertainiy of what will he required 
may demand the development of soim'thing more than the sum of individual conlrihulioiis. 

It is important that the definition and the iiuxhd refh'd accuralelv the parameters with a high 
potential payoff, as these factors will certainly impact the cotiduct of the research. 



III. INDIVIIM Al. CHAUACraUSTICS 

liulivtduul Vj\iry (]huructeriKti(w uiid Learner Strutogie« 

Thurmond and Krilw (1078). in their evuluulum and demonstrulion (d' the feusihility of developing 
coiiiputeri/.ed collective training for teams (COLT*'), delineated several churucteriHiics of the individual 
which influence leuiii learning and should he coiiHidered in the design of team training: 

1. "Knowledge of team roles" was descrihed as an understanding of the authority. rcHponsihility. ami 
duties of other team inemherH aiul the ahility lo assess the capacity of oneself and other team iiiemherH to 
fulfill the prescrihed roles. 

2. "Team iitlitii<h»s" such a- <oiifidence. aggressiveness, and pride were emphaHized as related lo 
uchieverneiil of a team goaL 

;L "Team coniiiniiiicatioir' was described as an iiiiporlaiit part of a coordination task and that 
in<lividual.M trained in such skills develop more effective performance in a team. 
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i, ■inlrllrcliial ajjliliidf and availability of strategy skills" wit<» virwrd as rrlatrd to the haiidlMig of 
conceptual eoin|)le\ity (tlie capacity to integrate and interrelate dimensional units of information). Tiiese 
seemed to he important factors in determining ifie type of learner strategies n|)on wliicli an individual can 
call. 

5. "Personalitv variables" such as dogmatism, tolerance of aiiil)iguity. and locus of control were 
beli(»ved to infiuence team |)erformance. Tliese variables were considered |)otentially useful for 
communu^ation training involving risk willingness or reluctance. 

6. "Oognitive style" was included as a cliaract(Ti>tic wliich creates l)oundaries on tlie ly[)es of learner 
strategies availaf>l(> to individuals. Cognitive styles were considered jireferences in |)erce|)tual organizing 
and conce|)tual categori/.ing of the environment and im|)ortant to adajttive instructional metfiods wfiicli 
inatcli media or level of difficulty to the leanuT. 

7. "Memory strategies" were considered iin|>ortaiit in deterinining wliicli information is entered into 
and retrieved from sfiort- and long-term storage. 

8. ■■i']ol)lein solving strategies" were divided into "closed-system" |)rol)l(Mn strategies and **o|H'ii- 
syst(Mn" problem strategies, (ilosed-systeiii |)ro[)li ins are cliaracteri/.ed Uy tfie existence of an ideiilifiabb' 
sohition. whereas o|>eii-syst(*m |>rof>hMns require the jirobbMu-solver to go hi^oiid the units immediately 
given in order to discover a solution. 

The above exain|»les of individual entry characteristics and learner strategies may impact the design 
and manipulation of learning events and instructional materials. The n search devoted to these variables 
lias indicated tliat significant differences in |>erforinance and aeliievein<Mit fiave Uvvu I'trifmted to 
individuurs (*om|>osite of values related to these vnriafiles (Tfnirmond & Kri[)s. I<)78). It does se<Mn. 
however, that the characteristics and strategies revievi'^d by Thurmond and Kribs contribute to team 
effectiveness only to the extent that they im|>act individual ca|)abilitieH and |)rofi(*iencies. In this resjiect. 
they exert a greater influence in non-interactive contexts, i his is not to suggest that these factors should 
be overlooked in an interactive team, but tfiat they fall closer to the noii-interaetive end of a continuum. 

Gmiplement4iry Tusk Model 

Laughlin and Johnson (l%(>) conducted a test of a "com|denientary-ty|M* task model" which 
assumed that each team member |)OKKes8eK some resources that are not shared by the other team mendiers. 
The <'oml)ina(ion of these uni(]ue reKources within a team is one factor that gives team performaiKc 
superiority over the performance of tfie same individuals working inde|)endently. The effects of grouj) 
versus individual performance on a eonce|)t formation task were investigated as a function of individual 
ability level. Subjects were categori/.ed into high (II). and medium (M). or low (L) ability levels on the 
basis of scores on a concept mastery pre-test. The test was then retaken by the subjects alone and in ability 
combinations taken two at a time (IIH. MM. FIL, MM. ML. LL). Results indicated that subjects working 
with partners of lesser ability did not improve relative to subjects of the same ability level working alone. 
Subjects working with partners of greater or comparable ability did improve relative to subjects of the 
same ability level working alone. In the former case, little new information was contributed by the team 
member of lesser ability, while in the latter case, each partner brings new information to the team 
arrangement. Hesnlts w(Te interpreted in support of tfie coin|demeiitary model. 

Tnil liability of Ahllitii^ 

Ilogan (1978) has presented indirect evidence from selected areas of the .ions|)ecifie transfer 
lilenilnre to support the notion that al)ilities such as those considered by Tluiruiond and Kribs can be 
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IraiiH'd. AriMs iiivrstij^al* *! in llir Hogaii sludy included rarly rxprrinirntal iru riKiry iraiiiinfj n-si an li, 
vrrhal aiid iriolor sliidic ^ ol wariii-iip and Irarniiif: Ki learn, rlfrclj^ it\ prarii< f variahilily and Irarninn 
ultfuMit a protdlypr. and applird and rdncational (raining:. 

[|<if:aii idrntifird llinr irnpcrtaiil considrraliori^ in anal) /.inj: iion^priiric iranslVr: ia) Vd^k 
(•|iararlrri>lirs triid lit hv wmrr prrdiclivr of Irarij^lVr lhaii tin* Irainiiitr inatrrials usrd. iU) it apprari'd thai 
Iraiiiiiifj varialiilily within a rla^s of n'sponsr typrs farililalrs positive translVr, and (r) it was sujjjjeslrd 
that transliT may Im» partially nu'diati'd by (hr adofition of a strai(»fjy whirli rrquirrs llir ahslrartion of 
itnporlant trainiii;: frahirrs wfiirli w^ndd In* rrqnirrd in (In* Iraiisi'rr situ;(tion. 

li training dinM lrd al iniproviiifr ;d>ilihrs is IimiimI Io result in (ransf«>r 'osrvrral tasks, and to iiion* 
ronifih'x tasks, rrquirinf: those afMliti«'s. tln n afnlity training may pn»vid«' a iinirr rtficirnl apfiroat h to 
training individuals tfian traiiiiii;^ lor facfi sp<>< ifir task (Hof^an. l^^TK). 

Dtrisioii Making 

A major adivitv oi military trains is drrision making:. Hall and Hi//o (I^^Tfi) idrntifird four 
rhararlrristics of lactical drrision making:: (a) situation diaf:in)sis. (f») fiostilr rnviroiiinriit. (r) srirrtionof 
opilnium altrrnalivrs. and (d) s(nnr drjjrrr of nncrrtainiy. Tin' d«'ri>ions madr williin ifir lartiral tram 
ronlrxt varv I'nnn lliosr involving: rstafilisfird Ircliniqurs lor drrision srirctioii to ifiosr involving 
idtrrnalivr s<drrlioii with nnrrrtain onlromrs. 'I'hr anninni ol unrrrlainl\ and anifii^uity involvrd in 
lartiral drrision making: rrcpiirrs ihr iinlividual making drrisi(ms to draw np<ni rxprrimrr witfi similar 
sitnatioiis and to rstiiiiatr ihr rhanrr of surrrss in trrnis oi sufijrrlivr pro[iahilili*'s. Mraiis for prrparinjj 
drrisiioi niakrrs havr inrlndrd fjrin'r. ':/rd training.' in thr l)rhavi(»rof drrision making:, silnation-sprrifir 
roursr training:, and rmxhdin^ ihrouffh ifn* nsr of training: drvirrs. 

Swr/rv (1*^7*^) rrrrnllv applird a "mnlli-attrifuitr nlilitirs niodrl" to drrisi(»n inakiiif^ opiioiis in a 
niililar\ Irainiiif: analvsis silnution. Thr inodrl is a iJayrsiaii-orirriird drrision-makinj: paradifjin whirh is 
adaplaldr to Iraininf: rvalualioii rrsrarrfi rfforts. Ihr Irrfiiiiqtn' is a drsrriptivr onr wfiirfi jjatfirrs. 
H'porls. and updairs inrorniation as it hrronns availafdr. As addiliinial iiiforiiialion is rrrrivrd, it is 
prorrssrcl in ifn* sanir maniH'r as tin* rxistinc pool (d' information and rxistiiij: drrisions may hr rrvisrd in 
li^hl of thr iM'w data, i'hr otitronn'H may hr assrssrd \mi\\i a varirty of trrhiiiqn<'s inrlndinj; 
rxprrimrnlation. judfjinrnl. ami natnralistir oiisrrvalion. \Xrif:hts arr ifu'n drriird Io rrf|r<l tlir 
importaiH-r of rarfi dinn'Osion of valiir. rrhilivr Io all oiIots. 

A lO-slrp. pro«'rdiirali/.rd nu'tfiodoloffy for applying: ifir mnlti-altrilMilr ulilitirH trrfiiiiqur was 
drsrrihrd hv Edwards rl al. (I'^T.')) and rrporird in afdirrviah'd ionn fiy Swr/ry. A lisliii|{ of ifir sirps 
follows: (i) Idriilify tin' iiMiividiiul or orffani/alioii. (2) idriilify thr rrlrvaiit issnrs. ('.\) idriilify thr 
Inqiorlanl riitilirs for rvulualion. (4) Idrnlify thr dinoMisions (d valur. (fi) fViorili/r tln< diinriisions. (it) 
Kair and wri^lil ihr dimriisioris. (7) Snni ifn' wriffhls. dividr rarh fiy ihr lolal. and rmdiiply fiy KMK (H) 
Lorair < a< li rniily of importain r on a liin'ar ()-|()0 s^ah^ W (iah iilalr utililirs with a f^ivrn formnla. and 
do) Makr drrisions liasrd on tliis rnuxinii/ation of nlilitirs. 

I'Im' apphrali(»n of ifir mulli-ultrihiilr ntiillirs mrlhod rrporird \t\ Swr/ry was drsijjnrd Io drlrrmiiu' 
winit variufdrs Io ronsidrr lor iin ln.'*ioii in tin^ drsijin of inq»rovrd |{!innrry ranj;rH for a military aiitiarinor 
traiiiiiif: systrm. Niin irrn varnddrs wrrr idrntifird as rrlrvaiil for pohHihIr nianipidalion and wrrr 
inrorporaird as riililirH of iiitrrrnl in ifn^ mnlli-atlrifnitr ulililirs modrl. I wo diiiiriiHionH of valur wrr<' 
idriilifird. i'op rankrd rnlitirn wrrr idrntifird hy application of thr niodrl and wrrr, ihrrrforr. 
rimsidrrrd Io l)r nn)Hl rriliral in thr drsijjn of |{iirinrry Iraininj: nltnallonH. i'oiir additional varialdrs wrrr 
iiirnlifird as sijinifirani and thr six we-rr iiirorporal«'d into ifir traiiiiii|{ Hiluatioii. Thr rrnnfls ofitainrd 
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wore roinparrd (o u >iiiipl<* jii<I^Mifn( «irt;i)>^is tiiodrl usirif: llic saint' in}>ut data, and a S|MMrnian's lUii) (d 
0.77 was foniid. Th*' two ini'lliods a«(riM'd on I'ivr of Mir six (cip rank«'d attrihnlrs. 

Thnu' major asju'cls of \\\r riinlli-atlril iilr utililits prort'diirr wrn* prrsrnird hy (lir anilior: 

1. Its; <'a|)ai'ilv to affgrt'^ral*' jiid|:iii«Mil> ovt r niutiipit* dinn*n>ions of \a\\iv im ;i |)n)l>;ii>ili>li(-alU 
wiMglitod fashion. 

2. It.^ itrrativt* (*a|)ahility . Slnmld additional data Ix' ohiiiiniMl. the |)rc>rnt data may l>r iisrti a> tlir 
r«d«'vaiit prior prohahilitirs. and llic ih'W data iisrd to rnodif) llu ni according lo llir spi'cifird procrdiiro. 

3. Its iisiv of |)rior o|>iiiioii l)y t'XjKTt jiidg«'s was considrrrd an appropriate daliun to ron^idcr a^ lhai 
prior o|)inioii was often l>aHed n|)oii i'in|>iri('al data. 

Individuui-Tcani G)ni|iarison.s 

Meisler (P)76) reported a series of *»\|)erii!ienls wliirli ronlrasled individual uilli Irani irainlnj:. The 
task involved a <'lassir "Twrnty (^iirslions" fjaiiir in wliirfi siihjerls wi're rr(|iiired to identify an ohjrrt [»y 
asking ({iirstions. Individual |)erforniaiirr were rom|)ared with those of two- and lonr-nirnihrr trams. 
T<'ain learning exhihited the same |)erforinanre enrve as did individual learning. Meister |ioinled out. 
h(>wrvrr. that series o|)erati<ms were exclusively tested and that these are not fepr«'senlative of most train 
situations. 'V\\r only hasie difference fonnd h«'lw«'eii individual and team ojierations was a shill in 
feedhaek eoiitinfjenrieH. There was no more (or difft'reiit) iiiterarlioii ainoii|^ team mrnihrrs. Thr author 
roiirluded. then, that the o|>erator tasks did not ehaiiffe when jilaced in a team roiitrxl and. as a 
eoiise(pieiiee. similar iterforinamr eurvrs might havr hern r\|)erlrd. 

Beasley (hO) eom|)ared the |)erformanees of individuals with ihree-meniher groii|)s (given no 
particular training) in a iiia/.(* learning situation. V\\r e\|)eriinriital task was to learn tin* rorr«*rl |)alli 
through a holt-head maze which involved H rhoire |»oiiit.s. rh(»>r working in groups werr instructed that 
the product of their collahoration would he scored. (/r(ni|> |)rrformaiice was significantly su|)erior lo 
individual performance in terms of niimher of trials lo crileri<m ((me errorless Irial) and numhrr of 
stereotyped errorn, hut groujjs required an U|»preciuhly longer aiiionnt of lime to learn the maze to 
criterion. DiHciiKKion time within groii|>K a|>|>eured to account for ihe additional time r«*(|uired lo learn tin* 
tusk. IndividiialK hcHituted less hctween niovcK. hut did not have ihe henefit of discussing conflirting 
potential moves which forced coiiHiderution of ulternulive.s. Individual sets lo move in the wrong direction 
were reduced hy hiicIi coiiKiderutionK. 

MeiHter (M)76) uUo found evidence that individiiul training on siiU|de or moderately coni|)le\ tasks 
was Huperior to team training, and further, that ''team training ap|)eurs to he ndaliv<dy iiieffe< tive in 
producing performance heyond that reKulting from individual operator training.** Research hy Ihjrroeks 
et ai. ( l%(), l%l ) and Hriggs and JohiiKon ( l%7) wan cited. Decoding tasks, memorization ex<»rcises. and 
intercept laHkK were reported with no significant diffcrenceH found hetw(»eii individual aii<l Irani 
performance. 

Hall and |{i//o (1975). in their aKsesmneiit of I'.S. Navy tactical team training, concluded that. 

. , .too much I'mpliuHiH liaH liccii pliiii'd hy (lie Iriiioirife 
fNiiibliHiifiicril on uUriri|ilirif( lo produer irarriN rulhrr ihun 
ini('Mi)ilin|< lo produce ln({lily qiiulificd individiiul 
pcrfonruTM. Tlicic i% iiiiich rcNcurcli lo Hii)(((cfil lliul 
indlvidiiui proficicnry in I hi* key to effective leurii 
perforriinnre ttrid ihul the eoonliriiilion reijiiired williin u 
leurri naliirttlly efrierf{eH un u rennll of hi)(li levelM of 
thdividiiui (irufiriency. TIiiih. greuler eriiphuMiH Nhould lie 
pluced on indi idiial IruiriinK. holh iniliiil tind refreidier. 
und N(»rne leHlin^ roiilineN Nhould he developed lo Injure 
iiidividuiil coiripelency prior lo purlicipiiliori in hMoi 

I.H 
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Irainin^" exerciseii. The curicliisiuii itt iiol ihul t«*uin training 
should be discontinued, but ruther thut n)orr cinphu.siif 
should be shifted to individual training. 

Wagner el al. (1977) did not agree with ihe Hall and Rizzo (1975) conclusion cited earlier that more 
emphasis should be placed upon individual rather than team (raining. Althouji;h certain studies suggested 
that team training was ineffective when the tasks required individual skills, investigations in more 
emergent contexts demonstrated the utility of team training when interactive skills were important in 
accomplishing the task (Wagner et al. 1977). 

Summary 

It seems apparent that those individual characteristics that have been demonstrated to impact team 
proficiency and can be trained should be trained. Those individual characteristics which are im|)ortant to 
team output and cannot be trained should, if practical, be criteria for selection in assigning personnel to a 
particular team. Consideration should also be given to ensuring that critical individual qualities are 
available when needed. The Laughlin and Johnson (1966) method of combining unique team member 
resources deserves consideration as a way of doing so. especially in the areu of decision niuking. The |)oint 
should reiterated that most team performance investigations require the consideration of something more 
than the additive combination of individual contributions. 



IV. TASK CHARACTKRISTICS 

Oni* of thf major resnlls of the past (few) deradi's of 
military training research has been the recognition of the 
importance of task eharacterislics for the effectiveness of 
different training variables, 

•K<'kstrand. 1%( 

Established vs. Emergent Situations 

Boguslaw and Porter (1962) made an importuni distinction among the vuriely of syHtcui operations in 
which ieams may enguge. They described a continuum with "'established** tasks at one extreme und 
fPtrrgent** tasks at the other, and defined established situations as those in which relevant 
ei ironmental conditions are identifiable, relevant states of the system are predictable and current 
u hiiology is adequate to predict consequences of alternative actions. An enu*rgent situation was defined 
js om? in which the relevant environmental conditions are not identifiable, the relevant system slaters do 
not always behave according to predictions, and analytic solutions are not within the current state of the 
technology. 

Purely established team functions are anticipated and planned for during system design while |)urely 
emergeni team functions must be considered by ada|)ting innnediately to unexpected contingencies. No 
realistic team function is likely to be purely either established or enn?rgent. The degree to which activities 
can be anticipated is a measure of the degree to which the situation may be considered established. It may 
still he possible to offer some degree of preparedness for enu?rgent situations, but that |)re|)aratioii will be 
qualitatively different from the preparation possible for established situations. 

Hogiislaw and Porter considered team training one nn?tliod of dealing with eniergent situations. A 
number of considerations for effective training of teams in emergeni conlexts were discussed: 

I. ''Orientation to team goals** was considered important for fostering an understanding of the 
conserjinmces of operator actions. "Spelling out** the teanrs goals allows for the formation of a more global 
or'rntiition and provides a direction for actions in unexpected situations. 
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2. -Training; in inlerd^ pnidnicir/" was desrriht'd as providiiij? an awarriicss of llic iii!orde|H'iidriil 
relations belwooii loam iiicnibrrs. Kffn livr l«»aiii performaiirr was drsorihrd as an inlrraclion of various 
member funclions in wliieli individuals l»;iv<» lo aerepl llie infornialion inpuls of olliers. 

X -Training for error analysis" enipliu^ i/fd llie abilily lo reeogni/e one's own errors so as lo initiate 
eorreelive aelions rather than attempt to hide tfieir <ie( urrenees or Iransfer fdame to someone else. 

4. "Training for .sensing overload" was suggested as useful for identifying when lo ask for help as 
wi'll as sensing when a team member is faeiiig an overload siuialion and may require help. 

f). -Training in adjustment meehanisms" was eonsidered importanl when a leam is overloaded. The 
methods ineluded eueing. the oinmission of some inpuls. permiiting eerlain ernus. filtering, 
approximating, inereasing the work flow channels, chunking information, or simply abandoning a 
hopeless situalion. 

Team Training Load 

Morgan. Coates. Alluisi. and Kirby (l<)78) defined team training load as ihe -p. reentage of untrained 
members" in a erew. In their study of the effects of team training load on training and performanee 
effectiveness, load was varied from' 0 to 100 percent. Five-member teams were trained to perform the 
synthetic work presented with the Multiple-Task Performanee Battery. Kaeh team trained and worked 
together for 8 hours per day over 6 consecutive days. Both ihe acquisition of individual skills by ihe 
untrained members and team skills by the teams were assessed. The authors' results and conclusions were 
as follows: 

1. Tin* prrfonnaiH'c rffriiivnirss of u Irani is* (trgr;i(tr(l in 
(lip'ii prti|uirlion lo Jlir Iruin lruinin|{ loud — l«» 
iIm- iMTrt'iilugr of nnlruinrd nicinltcrs assi(»in-i! Ui ihr 
Irani. 

2. Tlir tJrrrrinriU rrsulls from llir (loorrr prrforniiinrrK 
nf llir unlruinril iiutividuiiU. mu\ tlorw not jidvrrsrly 
uffrcl ihr higlirr lrvrln of ijrrfonnunrr of itir Iniinnl 
Iruni innnbrrM, 

Tlir unlrainrH Irum nirmhrrs* Irnd l« iirqnirr llir 
indivitliiul-prrforniunrr skiiU ul llir suinr rulr. 
iiidrprndrnl of iIh' l<'uni Iruining loud, ho iIiuI uII IrnniH 
rrurli llir ItUMr-linr (unyni|>lulir) Irvrlw of prrforiiiainr 
ul llir Munir linir. In ollirr wordn. IruniM willi lii|{li triiin 
Iruiiiin^ loudn iiiiliully miffrrrd grruirr drrrrinrnlH in 
prrforniunrr rffrrlivrnrnM. Iitil rrrovrrrd in llir Munir 
Iruining linir an IraniM wilb lower Iruni iniiniiiK loudx. 
llirrrliy giving llir iiii|jrrHnii»n of u grrnlrr rulr of 
rrcovrry — lliin In'ing u rrniill of llir grrulrr niiiiilirr 
of iiidividilulH improving (hrruiiM- lliry wrrr iniliully 
iinlrulnrd). Inil doing m> iil rhurnlially roiiHlunl rulrw. 
i. UrMiiIlK wrre rKnenlially idmlirul for prrforniunrr 
mruHiirrd in Irrini* of rilhrr individilul-Mkill or iruin- 
xkill prrforniunrp. wilh noun* rrlulivrly minor 
rxrrplioHH; (a) llir Irurn-Mkill prrforniiinrrn urr niorr 
rrMiMlanI lo drrrrnirnli* willi llir lowrr Iruin iruining 
loudM (lirlow 40% unlruiiird). lull llirn iirr niorr 
MrrioiiMly affrrird liy liiglirr Irani Iruining loudn (almvr 
tO% nnlruinrd). rrlulivr lo llir uvrruge individiiul-4 11 
prrforniunrr. und (h) llir lullrr. llir uvrrugr 
individnal-Mkill prrformuinrj*. iirr rrhilivrly 
unuffrj i. I»y llir lowrm Irvrln of Iriiiii training londn 
(10%. posMldy lo UK high um 20% tinlruinrd). 
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The authors su|{gostod field testing for verifieatioii or inodifieution. aii<l although "untrained" for a 
laboratory may not directly translate to ''untrained** in an o|M*rational context, tliey made t(Milative 
reeoniineiidations for tlie luaintenanee of o|)(Tational eoinlmt rea<liness \^'llen personnel tiirhiilenee and 
turnover are severe: 

(a) if fewer than 10% of the (team iiieinhers) are 
untrained, then the hest strategy wcnihl tie to assijrn the 
iinf ined persun^t iinifornily ihnni^hont su as lu ininiini/.e 
the firoptirtiun of untrained personnrl in any <nie 
(tea. i). . . (hi llie other hand, (h) if the personnel 
liirhiilcnie anti turnover hcl ween unit training 
4ip(MirtHiiiiies \s greater than M)%. then the hest straieg> 
(and prohahl^' the most eost effertive) is tn assign 
maximum nnniherK of untrained nienihers to certain 
teams and tn schedule those teams for earlier team training 
missions, 

Alexander and Cooperftand (1965). proposing that any operational derinition of load will he task 
speeifie. Iist(»d some general considerations foimd in tlieir n»view of the literatiins Hiey ineli]d<' event 
rates, input nois(». number of affect<?d sensors, number of events eontrolhrd by tlie resjionding system, 
information proe(*ssing rate required, ratio of required time to available tinu* for processing. niiinb<T of 
input event eiasses whieh nuist be processed, and th(? rate at which specific o|i<Tation8 must be p<*rfornied. 

Kxcept for a notable early study by Chapman. Kennedy, Newell, and Biel (l%f>), an inverse 
relationship is almost always found between task load and team fuiu'tioning. 

In the (lhapnian Study conducted in RAND's System ReKcarch l,aboratory. a "systems envirotunent"' 
was sinudat(»d. An attempt was made to |>roduce a close approximation to ""full-scale, real-life 
organizational behavior" in th(^ laboratory. The kind and amount of e(|uipnient available to their 
laboratory ""teams" was not vari(*d. nor were opiTational polici(*s. Task load was varied by manipulating 
task difficulty. As the tasks became more difficult, the crew members began to tpu^stion the organi/,atioii*s 
goal, the adecpiacy of the equipment, and team iiKMiibers' compet(Mic(*. The crews etHitiiUKMl. however, to 
operate effectively even when the task load was tri|>led. Crews learned to distinguish between useful and 
nonuse^ il information and focused on important events. They developed and used response shortcuts as 
well. 

The Chapman et al. n^search siigg(*st(Ml three conditions nee(*ssary to proiiiot(* organi/atituial 
learning: '"clarify the goal, give the organization as a whole ex|»erience with tasks of increasing difficulty, 
and provide iiiuiiediate kiu)wledge of results. " 

Training ()lije<llvt« 

Hall and Hizzo (107.^)) believed thai the most critical deficiency of team training is the lark of '"clearly 
slated, definitive objeclives for training to achieve." The tasks re<piired of team members have not been 
carefidly analyzed. Smode (reported by Hall & Riz/,o. 1<)7.^)) presented a suggested se<pieiice of steeps for 
the accompliHlunent of systematically derived training objectives. 'I'he stejis included a description and 
analysis of tin* operational system, a defiiiilion of the task strticture. the accoinplishmeni of a task 
analysis, the preparation of detailed task statements, and ihe conversion of the task statements into 
training objectives. 
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Till* n'scan'li n'vii»\MMl <-<)iiv(»rg<»s upon llio <'stahlish<Hl-(Mii<'rg<Mit task distinrtion as a rriliral 
ronsi<l<*ration in llie (raining of t<*ains. Whi ther or not roiuliMoiis ran Im' antiripat<'<l and pn*|)anMl for has 
an ohvions iinpat t on what should, or cvvn can. h<* (rain<*d. tlstahhshcd siliialions suggest training in 
pro(rdun*s and poMry. More cni(*rg<Mit situations sugg<*st training in derision making ami |H*rlia|)s 
instruetion in what not to do in certain potential eirr<nnstan<'<*s. Certaiidy. (he eonsideraiions pnijiosed hy 
Boguslaw and Port<T (l%2) for <»ffe<'tive team training in enu»rgent contexts deser\e closer investigation. 

Team load appears to he a measure of task difficulty, whether the difficulty is a function of the 
nuinher of less than optimally trained team inenihers or the task specific factors listed hy Alexander ami 
(!oop(*rhand (1%5). 

The notahle exce|)tion to the inverse relationship generally found hetween task load and team 
effectiveness found hy Cha|)man et al. (I*)55) may he related to their aitemjued <Teation of a "full-scale, 
real-life organi/.ational" atniosphen*. Th<»ir sugg(*stioiis for the |)romo(ioii of orgaiii/.atioiial learning 
appear to havt* merit. 

The importance of adequate training ohjectives has long heeii re<'ogni/.ed in the educational 
psy<'hology literature and should not he overlooked in the conduct of training for tt^ains. 



V. TK\M cHAiucirais ncs 

Orgunlzution und Structure 

Team tasks inuy he organized in "series" or in '''|>aralh'l." S<Ti<'s lask.s an* conslrtK'led such (hat all 
relevant individual res|>onses must he performtMl ut acce|>tahhM'rileri(m hovels for a task to he considered 
successfully coin|>leted. The parallel (ask structure <'onsi<lers u res|Mms(* <'orr<»<'t if n»sponses hy one or 
more inemh(*rs of the team are up|>ro|)riate. Klaus and (/laser (l*)6K) u.sed (his disti motion us one criterion 
for differentiating hetwt^en a team (stTies) und a small group (|»arallel). 

The nutun* of the tusk and its i^n((*rdependency on other (usks will greatly iiii|)U<'t how tin* team will 
he organi/.ed. The organi/.utionul vuriuhility thut cun he muni|>uluted. however, can iiiflnen<'e t<*uiii <nit|mt 
(Meister. 1976). Briggs and Johnston (1967). for exuin|>le. n»eommemh»d a lii<'rareliicul struetun' for the 
organi/.ution of teams. This orgunixuiional Htriicture ullowed the t(*aiii decision muk<'r more t'ontrol ov<*r 
the flow and exchungt^ of datu uinong the niendx^rs uml iiiiniml/ed inforiiiaiioii-processing cu|)ucity 
limitations. 

Kennedy (l%2) eonce|)tualized the cooperative humun orguni/atioii as a kind of "Hynth<*tic 
orgunism** in which individuuls heroine components or orguns of u different entity. Temporul |)rocesses 
(growth und development) un? (he ou(Htunding uspects of the orgunismir view of u teum. und pt^rformum'e 
effectiv<»n<jHH is u function of level of d(*velo|>ment (Alexander & (looperhund. I%5). Tlu' pnM'ess of 
aduptution hy llit* teuin to the eint^rgent charuc(eris(icH of i(H environment uccounts for in<T<*UHed 
performunct^ effeetivenesH. The emphaKiH is on cognitive aspectH of learning. If this concept of the t<*ani an 
a developing organinm in adopted, the ohjective of t<'ain (raining would he to raise th<* team |)erf<»rmance 
level hy raising the level of t<rain development. The types of questions to he answered in a resean'h 
program oriented toward the synthetic organism poinl-of-view would include: 

1. What kind of hehavior can he expected at various stages of dev<*lopiiient? 

2. How can these stages he recogni/.ed and measured? 




3. What procossrs undorlir rlian|?rs in loam hrliavior? 

1. How arc I hose slagos of drvrlojuiuMil and llicir n»|irrsoiilalivi» Iwliaviors rrlaiod to Iram 
per forma lire? 

S. Whal iiianipulalable factors affect the rate and level of develojimeiit of the team? 

Morrissetle. Horiiseth. and Shellar (l<)75) investigated the effects of two t-oiiditioiis of leain 
organization (division of lahor versus redundancy) on the detection of randomly presented signals shown 
on circular dis|)la) windows. Under the division of lahor arrangement, each member of a two-man team 
assumed responsibility for signal detection on different dis|>lay screens. The redundancy arrangement 
members each luunilored all displays. Redundancy provided a back-uj) capability which reduced the 
pro' lity of non-detection of signals wheieas division of labor reduced individual team menilier 
wo id. Long detection times were found under the division of labor team organization but not under 
the redundancy arrangement. The authors concluded that for the tyjie of monitoring t«sk used, a 
n iundant team ar;angement waij considered more effective. 



Gmperatioii 

In the I'liited St;M< b. it is generally assumed that the sjnrit of competition is the best alnios|)here for 
progress. ILnnrs (1065) took exception and drew an illustrative contrast between the coiiee|its of 
eompelilion ami (ooperation which was based on the early definitions and findings of Deutsch (\Whu 
l«H*)b). Cotjpeiaiiv*- '.ituations were described as '*|>romotively interde|>endent"" with res|)ect to goals, in 
that tlu» moveinejit of any individual toward a goal increases the |>ossibility of other team members 
reaching that goal. Competitive situations were seen as '*contriently intenle|)endent."" in thai the 
inovemeni of any individual toward a goal decreases the |)OHsibility of other members of the team reaching 
the goal. Competition was seen as a corrosive, destructive force while cooperation was viewed as lending 
itself to a positive state of group feeling. Coo|»eration was also viewed as jiromoting both verbal and 
nonverbal communications leading to a closer feeling of grouj) involvement. 

With respeel to c(mperation. Alexander and Coo|)erhand (l%5) described it as ^learning the 
strengths and weaknesses of one another, learning when the others want belj) ami when they do not want 
it. learning to pace one's ac tivities to fit the iu;eds of all. and learning to behave so that one's actions are 
not ambiguous.'' 

McKae (l%6) believed that the effectiveness of small combat 'eains (li.S, Army) is a function of the 
degree to which team members coo|)erate and coordinate their eff orts. The objective of the study was *Mo 
discover and apply principles for the design of team training that will increase team cohesion aiul 
efficiency. . . and to test whether such training will affect the individual's behavior when he is assigned 
to a team other than the one in which he was trained." In an attempt to train the desired behaviors, team 
members were required (a) to attend both to what other ineiid»ers were doing and to the imjiact of their 
behavior on the group task, (b) to communicate relevant observations and suggestions to other members, 
and (c) to perform the function of other members who were overloaded. The information to be extracted 
involved the relationships between the interaction of a working team and its effectiveness. The task was a 
group maze problem that could be solved only by verbal interaction of all team meinl)ers. It was found 
that information exchange about specific aspects of the task was jiositively related to team effectiveness. 
Information exchange about team procedures or organization did not jiroduee the same beneficial results. 
The data also suggested that more interaction was required for more difficult tasks. 
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Giordination 

Crew coordination may be defined from two different perspectives: as a synrhroni/.ation of artinn 
within a group, or as the improvisation of responses among group members to nu»ei situational 
contingencies (Hood, Krumm, O'Sullivan, Buekhout, Cane, Cotterman, & Rockway, !%()): 

A gruup uf personii or ubjei-ls. working U) fulfill a ronimon 
purpoMc. are said lu hi* fuordinuled when (hey beliuvr us 
rcquiri*d within a liiiiif srhtMnr or ryrhv . . All 
roordinalion aclivilii*!) arif lislifd as standard oprruiion 
procedures (SOP), and all formah/.t»<l rrew prorrdiires are 
essenlially of ihis lype. . . (>i»w roordinalion may also In- 
viewed as a measure of the extent t(» whirh individuals 
parlieipale effectively in solving prohlmis for whirh u 
stork answer is not nvailahlt* lo the rrew as surli. 

The essential eharaeteristies of the latter type of ercw coordination were listed by Hood et al. (1060): 

1. Karh leani ineinher identifies and shares the gritiip 
problem and objerlive in addilidn to his own 
responsibilities. 

2. Kach learn member rrs|H>nds at least partly as a 
funrlion of the responses he observes olher leaiii 
members make. 

3. Each team member pays allenlion to the responses 
made by at least one other leum member with respert 
to the team objertive as reflerled in the serond team 
inember*H responsibilities and inilpiil. 

Team coordination may take different forms as a function of the context in which it is required. A 
relevant distinction within the team training context is coordination within established vs. emergent 
situations. *in the established situation, events are repetitive and predictable and there are specified and 
detailed rules for handling them" (Hall & Rizzo, 1975). Coordination may also result from planned and 
executed individual acts. In this context* the individual skill attainment is an important ingredient and 
effectiveness may be viewed as the sum of the individual proficiencies. An example is the performance of 
a symphony orchestra following sheet music and coordinated by a conductor. 

**In the emergent situation, events are unpredictable and there may be more than one equally good 
solution to a problem.** Coordination is a product of member interaction with improvisation and 
impromptu response generation. Individual skill remains important, hut rigid formats are not adhered to 
and the end product may be more than the sum of individual skills. This situation is exemplified by a ja/./. 
ensemble which performs relatively free-form with variations naturally emerging. 

In examining crew interaction and coordination. Hood et al. (I%0), reported a series of tests given to 
B-52 crew subteams. An Operating Procedures Test was administered to measure awareness of the **who** 
and **when** aspects of task accomplishment. An Academic Cross-Knowledge Test was given as a measure 
of knowledge of '*who does what'* m a crew. A Leader Behavior Description Questionnaire concerned with 
aircraft commander traits of "consideration'' and '^initiating structure'* was given to assess the 
relationship with crew proficiency. Finally, an Attitude Inventory was included to assess crew members' 
attitudes toward the Air Force, toward their; specific job assignment, and toward other members of their 
crew. A fair synopsis of the findings on the manner in which crew coordination developed follows: 

In (!te abitenre of Mperifie rules regarding standard 
operating proredures. crews will tend lo develop their own 
prdredures. Tbetie will be itimilar in most instanres 
(berause of equipment loration and rrew training), 
although inexperienced crews will lend to develop ways of 
aerompliithing taiikH that are unlike those used by more 
seasoned erewH. An erew members gain experience in 
flying together, their altitudes hiward each other are 
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inoiliriod U} hrroiiu* inori' arn'jMinj». ^9iImll^anfou^ willi 
ihii! ulliUidr inudiririilioti \\u*rv drvclups an inrrruM* in 
flrxil>ilily. (!rrw intrrarlion is iiMTrustnl lo llu* juiiii! 
wlirrt'. tlrpriiiiiiifi upon rinuiiuLimrj* rxisitiiiff ul tlir 
riioni(>nl. (luTr i^ un iiilcrrhun^c of rr^ponsihililits. 

Oi'Wji wilh Ii'jss loial flyinjj rx|MTiriin' sffin lo iiidiiule u 
riTtuiii rigidiiy in afrompltshing lusks. in (he srnsc (liui 
ihiTi* is u rrlianri" on morr fixi'd opcraling pron diirrs. As 
ihrsf rri'ws gain rxprrirn<f. iln«y villwr discov«T for 
lhi-iii.srlv<*K iniprovfd ways of - minplishing lasks. or llicy 
li'arii ihi'He from disiiissions wilh olhrr crrws. In « iilirr 
fvrril, ihry ronform !o mrlhods uswJ by maj«irit\ of 
trews. 

As wi»apoii systems began lo require more sophisticated training devices to n?alistically simulate 
operational problem •situations, operators were required to pace o\ sequence their activities with other 
operators. As complex as training devices and siuuilators were at that time, they provided for the 
simultaneous training of no more than two operators. 

Kruinin (1959) reported an early assessment of the value of linking simulators or training devices for 
the purpose of promoting crew coordination The devices electronically coupled were the B-52 Flight 
Simulator and the T-2A Radar Trainer which allowed' two pilots and two navigators practice on a wide 
range of tasks which required coordination. During simulator flight checks, items were selected in terms 
of their orienution to Individual proficiency or to crew coordination activities. 

The author eoneluded that proper use of integrated iliphl siniiJators did resuh in an appreciable 
iujprovenier.; Ic rrev . iwi^s even though statistically signific-m Jilfcrences in crew coordination skills 
wi re Moi founu fur i\u pilot groups and only slighi. but significant, differences were found for the 
.waMplor groups. The lack of practically Kipnificant differences was attributed to the fact that the crews 
had received nil of tfieir nerial inAt;uc»iort before the find sinuilator test was given. Any differences us a 
rraxiU «f [ow^mcd Kiniuiator missions could have been neiUralized during the aerial missions. 

h. nearch reviewed by ColHns (1977) indicated that the development of coordinative skills is 
important !o team members' **knowing what to do, when to do it, and particularly why they should take 
particular actions." He summarized the concepts believed to foster the development of coordinative skills 
lo inehide **an awareness of the total system by each member and the relationship of his task to all other 
tasks, and understanding of the characteristics and ftmctioning of the environment and the relative 
importance of various events, and the development of innovations for better organizing team activities." 

G)mniunication 

Glaser and Clan/.er (1955) broadly referred to communication within the team structure as **an 
interaction between team members and between the team and the environment that is necessary for 
accomplishing a task." Commimication outputs from one individual serve as inputs for other team 
members. These communication **links" were analyzed to describe team operations and 14 descriptive 
variables were identified: 

1. '^Liiik frequency'' referred to the niunberof communication links over which the members of a 
team communicated and was con«idered an indication of the complexity of the team's communication 
structure. 

2. ^^Communication frequency" concerned the extent to which links were used and wan ronsidered a 
measure of team activeness. 
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3. **(!ouiiriirrritt artivity** was a iiicasiirc of the ('\t<'nt to >\'lii<'li t<'ani iiitMiilxT^ all artrd a( the sainr 
time which controlled the availahilily (if team ineinhers to take on additional res|>onsil»iliti(*s during husy 
period.*^ or dnriii^ a reduction (d |>rrsoiinel. 

i. "Process differentiation" was a cate^rori/.ation <d* tasks in terms of a innnher of class(*s of aclivihr> 
and was considered a measure of the ty|»e of leani (i.e.. ohservinj: ly|»e versns decision making type). 

i). "Input ina^nituflr ' r#*frrred lo (he complexity id input stimuli and docrihcd tlu* extent to whi< h 
the team handled scvrr ii ^imnltancims inputs. 

0. "Se(|uence prediclahilit) ** reflected the extent to which t(*ain functioning couhl he predicted on 
the basis of preceding acts. Ili^h predictahility was considered to lead to few<'r opiTatin^ error>. 

7. "Intra-tt'am dependence** concerned the extent to which team inputs Wfre ^eucrat<'d hy other 
team niemhers and was eoiisidered a imnisiirc of team self-conlaimn<'nt which was helievcd to lea<l to 
heller team control. 

H. "(loninniniculion media** implied different prohh^ns with reliahility and different trainii)^ 
reqninMneiits. 

"( loininunication si^idfiance * n^f(*rred to the processing and inte|;;ration of nirssa^'s hy a control 
individual on the ha.sis of relevance to the tciuu {^oals. 

10. "Output irrevocahility** described the extent to which a team output could not he rorrrctctl or 
changed, once made. 

11. "Anticipatory cuing** referred to clu<\s in a secpieuce of activities whi< li came from activities 
several steps earlier and served a preparatory function. 

12. "lirgency * was a iiieasur<» of the spiked and pressure rc(|uirenu'nts und<*r I) icaiu operatitms 
look place. 

13. ''Saturation** considered the likt'lihood that external inputs could occur at a greater rate than 
could he adequately handled. 

14. "Supervisory and emergency ratio*' described the inclusion of a supervisory structure uiid its 
UHefulm^ss in eiiUTgeiu>y situations. 

Radio I'ommunieations between ground controllers and pilots were investigated via simulation hy 
I/oftus, Dark, and Williams (1070). It was hypothesized that processing appropriately with controller- 
issued instructions could, under certain conditions, heavily tpx a pilot's memory. Frequent probh-ms were 
expected to occur when (a) u controller message contained more than one instruction and (b) it was 
necessary to perform some kind of distracting activity between the time an instruction was issiu'd and the 
time that the instruction was acted upon. The manner of encoding numerical information was also varied. 

The major results were predictable from theories of basic hiunan infornuition processing. Mu<'h of 
the variance appeared to be accounted for by what kind of information was being recalled. Place 
information was remembered well, frequency information was remembered relatively poorly, and 
memory for code information fell in between, The number of messages that the subject was required to 
remember had a large effect on the probability of responding correctly to any one message. Forgetting 
occurred over an interval of 15 seconds following message reception and the encoding scheme accounted 
for a relatively small, but reliable, amount of the variance. 
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Im'lovaiil (noii-n»quinMl) comiiiiinicalioiis were reported by Meisler (H)7()) to have a negative effeel 
on team perforiiuiiue. Air Defense operator performance assessments indiiated that a portion of 
eonininnieative exihanges were soeial in natnre and eontrihnted only to changes in nn)rah\ It was 
reeonunended that team eonnnnnieations he niininiized t^xrepl when reqnired information eonhl he 
seenred only in that way. 

Meister fnrther reported from his examination of the literatnre that visnal eonnnnnieaton nu'thods 
were more effective than verbal commnnieations in aerial intereept stndies eondncted at Ohio iState 
I niversily. Teams trained with visnal ehannels alone performed as well as those trained with both visnal 
and verbal ehannels. 

Differences in team performance were also reported as a fnnction of both connnnnication strnetnre 
and connnnnication pattern (Meister. 1976). A strnetnre which permitted more direct transmission of 
information was preferable and the pattern of messages changed as a function of both training and task 
characteristics, bnt the practical significance of these changes wa> einsive. 

Team Gmiposition 

Meister (M)76). in discussing team composition, first distingnished it from team organization by 
specifying that composition factors do not vary when the individual jnoves from one team to another while 
organizational factors are related to the way individnals are nsed in a given team. 

Personality variables were emphasized as a comributor to those team member behaviors that were 
not considered system outputs. The literature reported by Meister snggested that team composition on the 
basis of member personal preferences fostered more achievement and job satisfaction. In contrast, 
heterogeneous groups were found to produce a higher proportion of high quality solutions. Heterogeneity, 
in terms of ability, was also found to prodnce superior performance. Task factors appeared to be the 
driving condition. It was suggestrd that heterogeneity is desirable in problem-solving gronps as each 
member brings different resounds to address the problem. Homogeneity was considered advantageous 
with non-cognitive tasks reqniring cooperation as homogeneity miiy be nmre condncive to coordination 
activities. 

Size/Decision Rule 

The effects of team size and the "decision rule" used to define what was meant by a "team response' 
were investigated by Waag and Halcomb (1972). Team size varied from two to five members each. The 
decision rnle was either a parallel arrangement in which the team response conid be produced by any one 
or more of the team members, or it was a series arrangement in which the team response was prodnced by 
the combined responses of all team members. The task required the monitoring of a visual display in 
order to detect aperiodic signals which occurred against a background of discrete regularly occurring 
everts. As team size increased, detection performance increased independent of the decision rnle 
employed. As the decision rule moved along the continuum from purely parallel (requiring only one team 
member to respond) to a five-member series arrangement (reqniring all five members to correctly 
respond), detection performance deteriorated. Along with an observed maximization of detection 
performance with parallel teams, a greater number of false positives were also found. These false hits 
increased as a function of team size. Under the series arrangement, false alarms were completely 
eliminated. Rules derived by the authors included the use of the parallel decision rule when one is 
interested primarily in increasing the nnmber of correct detections, the nse of the series decision rule 
when the interest is in minimizing false alarms, and dnplieatiori of team nn»mber« if the goal is to 
minimizi* total errors. 

22 

2^7 



Meister (1^)76) reviewed llie relation^^liip lielween team size and team per^'Munnn-. He reported ifiat 
teams solved problems more rapidly and rormily than individuals, [nu luA propurtioiuitely so. If llie team 
performance output was deseribed in units jier individual, the advaiua^e> of nudti-individual groups 
became less apparent. This may have resulted, in ihe team eondilioii. from a diversion away from ihe 
primary task toward integrative and eoordinative behaviors. Meister concluded that the nature of the t;isk 
performed is probably the crucial factor in determining the significance of team si/.e. 

Summary 

It is unlikely that the organization and structure of "real-life** operational teams is flexihle enough tu 
allow serious study of this variable. Any attempt to sUidy organization and structure hy alt<Ting it in any 
context other than a fully independent simulation is likely to meet with considerable resistance hy nature 
of the ol>trusiveness of the research. A fully independent simulation of team tr;'.ining is q\iestionahle at 
this point by virtue of the unc(*rtainty about which variables should he included for effective transfer. 

Cooperation, (coordination, and comnmnication deserve serious consideration as significant 
parameters in the training of teams. Particular emphasis should he directed to these <'haracteristies in 
emergent contexts. Considerable evidence* has been collected which suggests that these may he the 
qualities which cause team output in emergent situations to constitute more than the sum of individual 
inputs. 

Team composition variables may be defined as collective individual ch.iraeteristics and lenrner 
strategies and could be considered the interaction of these individual properties. The value of t<'am 
composition, then, may be regarded as a reflection of the effectiveness of various combinations of the 
individual characteristics and strategies discussed earlier. 

Adding members to a team in a parallel arrangement appears to have merit for critical tasks. The 
excess manpower and iidditional expense are warranted in situations where an terror may have grave 
consequences. 

For non-critical tasks, an effort should be made toward the ''optimum" team si/.e — that which 
allows maximum efficiency with a minimum drain of resources. 



VI. KINOWLE DGE OF RESULTS 

Team Feedback 

Knowledge of results, while considered fundamental in the learning process, leads to some unique 
problems within complex team training environments. Three considerations listed by Alexander and 
Cooperband (1965) form the context from which these problems emerge. They include the vagueness and 
difficulty of objectively specifying criteria for effective team performance and the probability that team 
skills require different feedback procedures than do equally important individual skills and that the two 
forms of feedback may interface with one another. 

The following series of studies performed at the American Institutes for Research contain many of 
the considerations discussed earlier in this n^view. They are reported here as a unit because the orientation 
of each is toward knowledge of results and a relative disregard for the individual contributions within a 
team. 
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Klaus and (fla.sor (1060. I%8. I<)7()). as pan of arlivilios pcrfoniuMl at Amoriraii liisliluirs i 
Rosoarrh 'IVain Trainiii|^ l.ahoralory. adopl<Mi a viow of iho loam as a "'sin^Hc n^sponsr unit"* havinj; 
pcrforiuaiicc cfiararttTistirs (hat n'spoiul (o 0|)orant <'Oiulitionin(r trrliiiiqars irnuU as an individual 
responds. 

This view hy Klaus and (flasrr (!%()) of the team as a •"uhmIu! ir unit havinj; perforinainr 
rhararlerislirs which ran hr efferlively influenred to provide higher and higher levels of profieien< y" was 
a eonceplualizalion of team perfornianee with ihree hasie assuniplions. The first was that the teaius's 
outpnt depends on d<'fined nuMul)er inputs. The seeond was (liat tlu» team itself ean he eonsidered a unit of 
investigation with luanipulaiaftle n^spon.ses independent of iiulividual perfornianees. The tliinl 
assumption allowed that t<'am performance varies with tlie eonse^jutMU'es of team responses just as 
individual performane(*s vary wilfi individual consequenees. 

Based upon these assumptions, a program of research was instituted to uu'a.sun' tfu* team response to 
various reinforcement contingencies (Egerman. Glaser. it Klaus. M^Oii: Egerman. Klaus, it (ilaser. I%2; 
Glaser. Klaus, it Egerman. I%2: Klau.s it Glaser. f%5. I%H; Klaus. Grant, it (;iaser. I%5: Short. 

Cotton. & Klaus. 1968). 

The acquisition and extinction of a team response was investigated (Gla.ser. Klaus, it Kgerman. I%2; 
Klaus it Glaser. l%8) and the data yielded performance curves very similar to those that would he 
expected from studies of individual behavior. The team response demonstrated positively accelerated 
response acquisition curves; negatively accelerated extinction curves; spontaneous recovery: and savings 
in terms of response reacquisition. Of particular interest was the observation that individual proficiencies 
appeared to remain constant concurrent with improvements in the team as a unit. 

In a continuation of the Team Training Laboratory's investigations, the effects of adding an 
additional member to a team were assessed. The added member served in a parallel mode with an existing 
team member such that a correct individual response by either member contributed to a correct team 
respon.se (Egerman. Klaus, it Glaser. l%2). Adding redundancy to a team was found to produce a 
detrimental effect on team performance. With the parallel arrangement, one member could perform 
incorrectly and if the parallel member performed correctly, the incorrect nuMuher's inappropriate 
behavior would be reinforced because of the correct team response. 

Egerman. Glaser. and Klaus (1963) further investigated the effects of team organization using three 
two-member team arrangements. The series and parallel arrangements were used, and an "*individuar* 
team arrangement was added, in which one pre-selected team member s performance was reinforced. The 
series teams showed slight improvement over performance trials. Parallel teams, however, sluiwed a 13% 
decline in performance proficiency. The members of the individual teams, upon whose performance team 
output depended, showed slight increase.s in proficiency while the other team members showed a 26% 
reduction in proficiency as a function of reinforcement for both correct and incorrect performance. 

The fifth report in this series (Klaus it Glacier. !%5) reported on team learning as a function of 
member learning characteristics and practice conditions. Three-member teams were composed of 
individuals of low. medium, or high proficiencies based on performance during individual training. The 
teams were further differentiated on learning ability (fast versus slow learners), delay in the i. Malion of 
team training following individual training, and homogeneity of individual proficiency within u anis. The 
primary findings of this study suggested that it was '^individual member proficiency, or level of 
attainment, and not member learning ability which was predictive of team acquisition rates." And 
further, that ' team acquisition was a direct function of the conditions and .schedule of team reinforcement 
during team training as determined by the probability of a correct team response.'* 
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The remaining two re|>orts in the American Institutes for Researcli series investigated sii|)ervisory 
furnished reinforcement and the simulation of team environments (Klaus. Grant. iK (ilaser. 1%.!: Sliort. 
Cotton. & Klaus. I%tt). Added reinforcement by a team supervisor had as its [uirpose the mainteuaui'c of 
individual proficiencies despite a lack of team success or as a supplemeul to individual reinforceuuMU in 
the case of a correct team output. The combined use of team and individual reinforcement diti lead to 
mon* rapid development of team proficiency, but was interpreted as functionally no more valnalile than 
additional practice. 

Short. Cotton, and Klaus (l%8) studied tlie potential advantages of simulating tlu' team setting as a 
learning environment for a single individual. Three studies •\ oncerned witli dimiuisliing the efferts ot a 
reduction in tlie frequency of reiuforceuuMit attributable to team formation" demonstrate*! iliat it was 
possible to "simulate the key conditions of team training witli only one sui>ject and tliat sinnilatiMi 
environments are conducive to the study of factors affecting tlie development and maintenance of a team 
response"' (Klaus & Claser. I%8). .Accurate simulation of team environments was seen i»y Klaus and 
(ilaser (l%8) as producing three advantages. They included a nu>re replicalde stimulus environment 
leading to better isolation of main effects, a reduction in researcli costs due to apparatus and/or tin* 
inclusion of larger and more complex teams for investigation, and a way of determining wIumi sufficient 
information has been collected i)y observing when the simulated teams i>egin to perform similarly to tlu» 
regular teams in the laboratory. 

The effects of individual versus team performance feedback on a perceptual motor task were studied 
bv .Nebeker. Dockstader. and Vickers (1975). Individual versus team feediiack and raw score versus 
percentile versus no feedback were varied. The authors hypothesized tliat tin* effects of feedimck would 
be more pronounced when directed to the individual as opposed to the group. They also predicted that 
feedback effects would be additive in that the combination of group and individual feedimck was 
expected to produce higher performance levels than either alomv It was additionally hypothesized that 
percentile feedback, by virtue of its comparison value, would increase the positive effects of feedback. 

Being identified as a team member did not. of itself, increase or sustain performance when effects of 
feedback were controlled. Individual feedback was not found to be more effective than group feedimck 
and the effect of providing both types of feedback did not significantly improve pcrformanc(\ The results 
also indicated that individuals do perform better with feedback than without, but that it did not matter 
whether the feedback was in percentile or raw score form.. 

.\ posi;ible explanation for the lack of positive findings was in the type of group construction used. 
The groups were not constructed to emphasize greater interdependence and coordination. The 
interdependence in this study was limited to that accrued through summed group output and no rewards 
were offered as inducements to perform. 



Team Consensus Feedback 

The effectiveness of providing "team consensus feedback" to Army surveillance image interpreters 
was investigated by Cockrell (1968). Based upon the following two general principles, five feedback 
conditions and a control were varied: (l) If multipie image interpreters independently arrive at the same 
identification, the identification carries a high probability of being correct, and (2) Interpreters who 
discuss conflicting identifications often resolve the conflict by agreeing upon the correct identification. 

A "serial consensus" feedback condition involved three-member teams in which members identified 
different images and then traded seats in order to check the work of their teammates. A discussion phase 
followed. aTi.J if team determination was made by majority vote. An "immediate consensus" feedback 
condition required examination of the same image by all three team members. Individual results were 
overlayed and compared with the final determination again made by majority vote. A "delayed 
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consensus" feedback londilion was similar to ilw iiiunediale loiidilion rxcepl llial ihrot* diffrriMil iniagf^s 
were evaluated by each team member before the discussion and consensus judgiuenl. A "prcrisc team 
feedback" condition was siuiilar to the immediate condition except that the team was provided witli 
correct location and identification information following each team determination. A -precise individual 
feedback" condition required all interpreters to perform as individuals and correct iiiformatitm was 
provided as feedback. In the control condition, all interpreters worked as individuals, and no feedback 
was provided. 

The primary results are listed below: 

1. Interpreters working in teams with consensus feedback showed greater overall improvement in 
performance than did interpreters working alone with no feedback. 

2. The consensus feedback methods in which interpreters checked their teammates' reports after 
each image determination resulted in greater average gain in proficiency than consensus feedback after 
multiple determinations. 

3. The precise feedback methods resulted in the greatest average gain in interpreter proficiency. 

4. Differences among the experimental methods were attributable to improvements in target 
identification rather than to improvements in target detection. 

The major hypothesis of the study predicted that individuals working in teams with consensus 
feedback would improve more in performance than individuals warking alone with no feedback" and was 
confirmed. As a method of maintaining proficiency, the team consensus method also appeared to have 
merit. 

Four follow-on experiments were reported by Cockrell and Sadacca (1^71) in which the team 
consensus feedback method was further investigated as a technique for maintaining and enhancing the 
proficiency of image interpreters working with surveillance systems. The use of team consensus feedback 
again resulted in performance improvements over a control team operating individually with no feedback. 
The greatest improvement was again in the area of target identification although reductions in the nunihiT 
of false alarms were also found. Low proficiency interpreters showed the most significant gains and 
interpreters assigned to teams that were heterogeneous in terms of proficiency achieved greater gains than 
did members of homogeneously constructed teams. The results suggested that low proficiency operators 
gained through their collaboration with more efficient operators. There was no evidence of a main effect 
of team discussion or team size. 



Contrived Feedback 



Team output is more apparent, and therefore easier to assess, than is individual output within a team 
context. Consequently, team members are generally more likely to receive team feedback than individual 
feedback regarding their individual levels of performance. In a study by Johnston (l%7). team feedback 
was fabricated by instructing subjects that they had a partner in a tracking task and that post-trial 
feedback represented a team score relative to average tracking performance. The feedback provided 
actually represented that particular subject's performance relative to a ^^manipulated criterion ' which 
effectively varied the levels of "team feedback." 

The subjects accepted credit for good performances (often solely a function of a lenient criterion) and 
blamed poor performance (actually due to a more stringent criterion) on their contrived partners. The 
results were interpreted in support of team feedback as a determinant of individual behavior motivated by 
a desire, on the part of the individual, to produce above-average performance. 
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The identification and correction of individual errors was cited by Hall and Rizzo (1^)75) as a major 
source of difficulty in team training. The value of providing error information as feedback was not 
questioned in established situations, but in more emergent-type situations, it was hypothesized that error 
information might perpetuate the procedure used. In complex team tasks, there may be more than one 
correct procedure. If a particular solution generates feedback confirming it as correct, the likelihood of 
that solution being applied in subsequent similar situations is likely to increase with a rorresponding 
decrease in the probability that other coixect (and perhaps better) solutions will be selected. The authors 
suggested that "'training scenarios should be analyzed to determine critical procedures, decision points, 
communications, and coordinated activities which may be directly or indirectly linked to the mission 
outcome. ... A feedback schedule may then be established for critical mission events."" 

Sununary 

The types of feedback provided (individual or group) certainly vary with the model of the team 
employed. If the team is viewed as an organismic entity, then group feedback is appropriate. If the 
individual contributions of team members are considered more important, then individual feedback is 
more important. If the opinion is that a team is some combination of both, then a combination of group 
and individual feedback commensurate with their relative contributions to team output seems 
appropriate. 

There seems to be little dispute that individual competency is important no matter which model is 
employed. A feedback schedule which develops individual proficiency with individual feedback and team 
proficiency with a combination of group and individual feedbacks seems viable. A combination of both 
feedback types in the team environment follows from an assumption that the individual must «lill 
perform to some minimal level so as not to decrease team efficiency. 

VII. PERFORMANCE OfiJBCTIVES/MEASUREMENT/EV ALl'ATlON 

Performance objectives, to be maximally useful, should be operationally defined and derived from a 
deliberate series of steps. They should also form the basis for performance measurement. Wagner et al. 
(1977) described three characteristics of a ''systems approach to training development." The objectives 
must describe behaviors that will be performed in the test situation, should specify the conditions under 
which these behaviors will be performed, and should include performance criteria. 

With respect to aircrews, the goal of performance measurement was described by Vreuls and 
Wooldridge (1977) as iha provision of information capable of guiding many different kinds of decisions. 
In order to provide the necessary information, measurement should have "demonstrated diagnostic power 
and validity.'' The authors' position held that adequate diagnostic measurement would have to include 
measures of basic abilities, subject matter knowledge, past performance, and current task performance. 
Two methods were described for deriving the measurement samples needed: (a) measure ''everything 
that moves'* at the onset and later decide what is important, or (b) initially reduce all possible measures to 
a smaller set of measure candidates by some method other than empirical data collection and test that 
smaller set in order to establish final measures and formats. Measuring "everything that move?'' is neither 
cost-effective nor practical and the greater proportion of flight task variability has been accounted for by 
fewer than 15 variables (Vreuls & Wooldridge, 1977). 

The approach for development of performance measurement recommended by Vreuls and 
Wooldridge was described in five steps. A measurement analysis step, a design and development of the 1st 
data acquisition system step, a data collection step, a statistical analysis step to select important measures 
and interrelationships for describing and diagnosing performance, and a utility test step. 
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Altlioii^li (Irrivod from an aircrow (MiviroiiiiuMit. tlio followiiifj goiuTali/atioiis ollVnul by Vmils and 
Vlooldridgr aro assumed (o Uv a|)|)lirablo to coniniaud. control, and ctHnniiiniratiou (Mivironniruls as wtdl. 
Tlir koys lo {rood lli^rlu |MTforniaii«'r inoasiinMnoiil won* doscrihod as including adrqnat(» sampling of 
generally gonoric decisional. [>roccdnral. mission-related, and |M'rcr|)lnal-inotur skills; clear delinilion of 
the time frame for observations: clear delineation of the boundaries of desired performance: use of ihe 
fewest reliable data points necessary to compare actual to desired [jerforiuauce; and considerations of 
different information formats which are n»sponsive lo the needs, capacities, and limitations of the 
operator. 

(^lan/er. (rlaser. and Klans (l%0) developed a Team Performance Record as a formal [irocednre for 
ihe overall description, analysis, and evaluation of team performance. The recjuiremeuts for the 
procedure included clearness and explicitness as to the nature of the behavior to be recorded and a close 
relationship to the kiiul of behavior which actually appears in team of the type being observed. Nineteen 
categories were initially developed representing critical factors in the performance of Ni»vy teams in 
geiKTal. Within each category, effective behaviors and ineffective behaviors of observed incidents were 
noted. The final general Team F*erformance Record consisted of 13 critical areas of team performance 
based on a wide range of ships, personnt^l. functions, types of teams, and types of problems. These critical 
areas were (a) availability and readiness of equipnu>nt and materials, (b) composition of group and 
assignment of nuMnbers. (c) briefing and preparation of personnel, (d) interest and nmrale. (e) safety 
precautions, (f) connnnnication procedures and coordination of information, (g) knowledge of equipment 
and its operation, (h) knowledge and performance of individual duties, (i) judgment and planning, (j) 
checking and monitoring, (k) supervision and leadership. (I) interchaugeability and assistance among 
team members, and (in) performance in emergencies and damage control. 

The Team Performance Record was found to be an effective tool for the "systematic observation, 
recording, and evaluation of actions which are either outstandingly effective or ineffective with respect to 
the accomplishment of the team task." The procedure stressed a particular incident rather than a 
generalization about the team or a team member. Through use of the record forms, changes in 
performance or newly developed problems were highlighted for consideration in training. The observer's 
attention was directed, by use of the instrument, to the critical aspects of team performance and away 
from less significant ones. As a result, the recording of incidents centered on actions which were critical to 
team operations. 

The evaluation of complex behaviors such as those found within the interacting interrelationships of 
team behavior is a difficult task. Conceptually, performance measurement and evaluation are functions of 
the view of teams held. If the team is considered as an organismic entity, performance measurement will 
probably focus on the team product and the quality of that performance will be judged in terms of the 
quality of the team output. If the team's performance is viewed as a collection of individual contributions, 
then performance mijasurement will usually consider some combination of individual proficiencies (Hall. 
M)76). 

In the process of investigating the techniques and concepts involved in providing detailed measures 
of team, subteaui. and individual performance. Yaeger and Bell (1977) pointed out that useful measures 
should be selected for their ability to eliminate redundant information, their sensitivity to skill changes, 
and their performance prediction qualities. The authors cautioned against the unsystematic, and often 
inappropariate. application of performance measures and pointed to a need to further develop a 
performance measurement methodology for team training. 

Summary 

.Adequate team performance measurement is obviously essential in any long-term research and 
development effort with the goal of producing an improved technology for team training. The team 
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prrforiiiun<*e inoasunMiKMit urea is not yet well doliiicd and to sonic dc^nM* rolliN^ts the anil»iguiti<*s 
assorialtvl with tlio definition of [\w tt^ani itself, team heliaviors. and tram fum tions. 

Wagner et al. (M)77). \ ruelsand Vi Ooldridfje (l*>77).and \ae|»<Tan<l Uell (h>77) have discnssed the 
essential eharaeteristie^) of an effective [lerfornianee measurement systems for teams. A roinprehensivi* 
effort to <levelo|) an ade(|uate measurement system that in(*or|)orates many (d* the criteria suggested in thi* 
previous diseussiou needs to he undertaken before systematic experimentation can he conducted in the 
area. Such an effort would he cunsiderahle in its scope and rests on an ade(|uate definition ol team 
behaviors as a neces.sary foundation. 

Of particular note and interest in field data c(dlection efforts i.^ tin* Team Performance Hecord 
developed by (»lan/er et al. The Hecord could he used as a poli*ntial starting place for the 

development of specific field data collection instruments that reflect the specific objectives of a given 
effort, .\lthougli the Record was initially developed for application to Naval ti*anis. the <*ritical areas it 
includes suggest a number of team fuiuiions that must be eval ^uted when assessing the ade(|uacy an<l 
comprehensiveness of any team training program. 



V!!!. INSTKl'CnONAI.SYSTOI DFA U.OPMUM 

The instructional system approach to flight crew training holds that training re(|uiremen(s must be 
defined by consideration of the characteristics of required human tasks. Kather than resort to a "teach 
everything*' posture Using all available system information, a distinction is made toward neces.sary. "need 
to know " content for training. Wallis. Kwart. and Kaufman (!%6) described the inslrnclional system 
approach to training as ''requiring a formal decision-making procedure leading to a strategy of (flight) 
training which is relatively complete, forms a closed loop, and <*an provide inaxiiuuni eflectiveiicss at 
minimum cost."* The authors delineated five functions necessary to this approach to training: 

1. A formal acknowledgement of initial requirements. An early definition of the purpose and 
requirements of the effort are demanded by definition of the end product. 

2. A breakdown of the system into manageable, functional subsystems. The context of the overall 
system should not be lost. 

3. A consideration of the nature of the individual and the individual's capabilities. The nature of the 
individual, knowledge acquired, and the nature of the task arc factors in this function. 

4. A derivation of tasks and assignment to subsystems for re(|ui'ed training. This function condunes 
the individual, knowledge acquired, the machine, its design, and its purpose. From this conibination the 
required, precise training requirements are synthesized. 

5. A translation of the combination of operator and machine properties into course outlines by a 
process of methods/media selection. 

Wallis. Ewart. and Kaufman contended that basically two functions have to be traint^d: skill and 
knowledge. The purpose of their approach to ISD was not to teach individuals to fly. but to train them to 
effectively operate the system. The difference was: described as an ability to do (skill) versus an acquired 
memory of facts (knowledge). The instructional system approach was interpreted as a vehicle for 
formalizing decisions on the knowledge level. 




In presenting a slale-of-lhe-arl assessment of instnictioiial strategies for computerised collective 
training for teams (COLT'^). Kribs. Thurmond, and Mark (1977) concluded that an ISD approach to leaui 
training has yet to be developed. The authors supported tht^ approach that such a strategy should consider 
(a) team task dimensions and team training objectives, (h) learner characteristics and strategies, and (c) 
characteristics of the training delivery system used to implement the strategies. Team task diuuMisions 
included self-evaluation, team awareness, team attitudes, communication, and decision making. Team 
task analysis included considerations of a system block analysis, task-time charts, functional task 
descriptions, and behavioral details descriptions. The learner characteristics considered were intellectual 
aptitude and availability of strategy skills, personality variables, cognitivt^ styles, perception preftTtMices. 
and motivation, sex. and prior knowledge variables. Learner strategies included comprehension strategies, 
memory strategies, and problem solving strategies. The training delivery system considt»rations addressed 
computer-assisted instruction capabilities. 

Kribs. Thurmond, and Mark, as well as others (e.g.. Collins. 1977; Faust. 1976). have noted that a 
**total system approach to the design, development, and evaluation of team training is required.'* It was 
suggested that a systematic approach to team training ISD should start with a team task analysis which 
includes a definition of observable outcomes, a specification of task conditions and a determination of 
performance criteria. 

Thurmond and Kribs (1978) designed and implemented a team ISD model for the purpose of 
developing training materials for the Army Research Institute for the Behavioral and Social Sciences. The 
purpose of their investigation was to demonstrate and evaluate a computer-assisted instruction (CAI) 
^'brassboard** for computerized, collective training for teams (COLT^). The major components of the team 
ISD approach included job/task analysis, development of team learning objectives, and scenario 
development, inclusive of instructional strategies. 

The ISD model employed by Thurmond and Kribs was reported by the authors to contain some 
notable strengths and weaknesses: 

Foremost among its slrenglhs was iht* efficacy of 
implemennng the jub/lask and training anal>}ii». The 
analysis methodology. . . yielded discrete tasks, . . with 
l)Oth situational cunlcxi and team structure dimensions 
identified. The job/task flowcharls developed from this 
analysis also proved exceptionally efficient as vehicles for 
translating the job/task and training analysis into training! 
scenarios reflecting not only the task to be nerformed. but 
also tbe environmental conditions to be simulated. 

The weaknesses of the team ISt) model w«*re in Iwci 
directly related areas. Firsl. a distinct deficien<'y of the 
model was revealed in the formulation of team learning 
objectives. Tbe model lacks ibe methodology for preparing 
terminal and enabling objectives and analyzing the 
objectives by learning category. This deficiency is also 
related to the lack of evaluation procedures in the model. 
More specifically, evaluation of the member acquisition of 
team skills (i.e.. coordinating and cooperative iM'haviors) is 
not present. 

Eggemeier and Cream (1978) described a task analytic technique which was developed to overcome 
two major weaknesses of traditional ISD processes: **the lack of sufficient specificity for actual design of 
training devices and the lack of an adequate means to address the design of a device for team or crew 
coordination training." The solution to these problems involved providing only the levels of fidelity that 
were necessary to accomplish specific training objectives. A brief description of the technique follows: 
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Th(* (raining device design ttH'hniqne is based upon (he use 
of behavioral data in a develop** Mit process which 
involves (he intended users of the Ira* ing tleviee, (raining 
p.syehologis(s. and siuuilation engineers. A hasie objetiive 
of the technique is (o provide a description of the (raining 
rcquiremenis (hat are to be accomplished in the (raining 
device. Training n^quirements are expressed in behavioral 
terms. These requiremeuls are eventually translated into 
training device requirements. The user serves as a subject- 
matter ex{M'r( in identifying (he initial set of training 
requirements. The user also parlicipates in the iterative 
process which is involved in Iranslating (raining 
requirements into device requirements. The (raining 
psychologist is responsible for developing and 
coordinating inputs from the user. The psychologist also 
serves as (he interface l>etween the user and the simulation 
engineer. The engineer is res{>onsible for implementing 
the training requirements and producing a design 
s|MM ification capable of satisfying the rt*quireuu*n(s. 

The technique described has been successfully used in a number of applications, including the 
design of a team training device for members of the fire control team of the AC-130E Gunship. 

Summary 

Several investigators (e.g.. Collins. 1977; Faust. 1976; Thurmond & Kribs. 1978) have noted the lack 
of an adequate ISD methodology for development of team training programs. Current ISl) technology 
(e.g.. AF Pamphlet 50-58) does not include means for adequate identification and consideration of team 
training requirements, but rather focuses on identification of individual training requirements. An 
essential step in improvement of current team training technology is development of a systematic 
approach to team training program development. An essential first step in development of such a 
methodology is a technique or means for identification and adequate description of team behaviors and 
team requirements. 

Development of a comprehensive ISD model for team training also rests to a considerable degree with 
several of the other research areas discussed previously. Data pertaining to such areas as suggested 
sequencing of individual and team skill acquisition, team performance measurement, team versus 
individual knowledge of results, and the impact of team and task characteristics on choice of instructional 
strategy are required in order to formulate comprehensive training program design guidance. 

As an initial and manageable first step in an effort to develop a team training systems methodology, 
high priority should be given to the development of adequate task or function analytic techniques for 
identification and description of team training requirements. 



DC. CONCLUSIONS 

Despite the large amount of research conducted in the team training area to date, major issues remain 
in each of the areas discussed in this review. As indicated previously, the team training area is very 
significant to the Armed Forces in terms of the manpower and monetary resources that are expended each 
year in such training. More importantly, the team training area is an essential one in maintaining critical 
proficiency among various types of operational units. For these reasons, it is critical that the issues noted 
throughout this review be resolved. 

The thrust toward team training rests on the assumption that team output is something more than the 
sum of individual outputs and that some distinctive elements determine team effectiveness and efficiency. 
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It is these luiique eleineiils that are the foeiis of team Iraiiiiiij;. I'liforliiiialely. the ideiilifiralioii. 
quantification, application. measuriMiient. and evaluation of these eleuu»nts have proven quile elusive. 
Perhaps this is why "teamwork is ordinarily taught not in terms of the acquisition of specific qualities or 
skills, but by providing the operator with an opportunity to practice individual skills in a team < onte\t" 
(Meister. M)76). A clear opportunity to realize high potential payoffs exists with the developincnl of 
measurement and assessment techniques for team outputs. 

Teams almost certainly function on a continuum between established and emergent situations. It 
appears that the stimulus-response model is more appropriate toward the established end of the 
continuum, while the organismic model finds more application in emergent contexts. Wagne * et al. (I*)77) 
offered the following general conclusions which transcend the conceptual and methodological differences 
between the two models: (1) Where interactive skills are required, team training is a necessary addition to 
individual training. (2) Individual skill competencies are a necessary prerequisite to effective team 
training. (^) Initial skill acquisition should not be taught in the team context, and (4) Performance 
feedback is critical to both individual and team skill acquisition. 

The application of ISD to the development of team training holds promise for the identification of the 
interaction, communication, coordination, decision making, composition, structure, and other (perhaps as 
yet unidentified) team performance variables. There is an awareness that the objectives identified should 
he treated with the appropriate measurement and evaluation tools. Simulation and computer technologies 
encourage imaginative and creative approaches to the identification and treatement of these objertives. A 
systematic program of research and development to provide operational sohuions to the issues noted 
previously must be undertaken in order to assure cost-effective and efficient team performance for Air 
Force teams at all operational levels. 

A reasonable first step toward such a research and development program should address the 
d#»termination of how team training is currently conducted. \ thorough assessment of the current status of 
team training should also identify issues which can be addressed through the application of exi.sting or 
easily modifiable technolog). A further potential benefit to be derived from a current status statement is 
the identification of team training issues of high potential payoff w hich will require further research. The 
development, refinement, and evaluation of optimal team training technology within the military 
environment would represent a significant step toward ensuring that .Air Force systems will he operated 
and maintained so as to meet peacetime readiness and wartime deployment objectives. 
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situation. Journal of I'erveptual and Motor Skills, Vm. ». 2'M-2«>4, 

Individual and group performances in a ma/./- b<arning sitiiati/.ii wer.' < ..uipur.Ml, The .1. |.e.i/l/'nl 
measures were uumbRr of trials and ti.iie lo criterion. 
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Bennik, F.D., Hoyt, W.G., A Butler, A,K. Deter mining TEC tnediu nlternatiies for field urtillery 
indivuluat'' collective training in the FY 78-83 period. TR-7tt-A!^, AI)-A()5.H 528. Santa Moiiira. 
(!A: Systems Drvelopiiienl (iorporatioii, h)7tt. 

Hcalisiii of situational training, artive n'sponse. and sustained praelire were euipliasi/.ed in Army 
readiness. The report was designed to develop praeti<*al proeiMhires. data sonnies, and a re.sourn* 
uianageuient approaefi for use l)y training suftervisor;;. 

Biel, W,Cm Humian, H.H., & Sheldon, M.S. Exercising teums in military systems through the use of 
simulation. SP-I7.H*'. AI)-()I I 125. Sania Moniea. System Development Corporation. I%4. 
The timeliness of training analyses and decisions was diseussed. TUe design of (earn training 
programs and problems associated witfi evaluation were also e\pu>red. 

Bogu.sluw'« K., A Porter. HH. Team functions and training. In R. M. (iagne (Kd.), l^sycho logical Principles 
in System Development. New York: Holt. Rineliart and Winston. I%2. pp. 3H7-VI8. 
I'his iiiethod«>logieal development covered the topics of team fuiuiioiis and training, team 
training technologies, and designing system training with particular enipfiasis on the distinction 
hetwecMi "estahlisfied'* and "emergent** team situations. Tlie autluirs concluded uy presenting a 
research p rospect i ve. 

Brings, {uVm On the scheduling of training conditions for the aapiisition and transfer of perceptual -motor 
skills. NAVTKADEVCKN 836-1. U.S. Naval Training Device Center. 

Task chaiigeH a|)propriute to teucfiing vehicular control were studied as a function of skill level 
increases with pruc!;i'e. A Hcries of three experiments were reported in tfiis study. 

Brif^/^s, G.t, A Johnston, W.A. Team training research. NAVTRADIIVCKN TK-1327-2. Cidumhus. OH: 
The Ohio .Slate I niversily, Human Performance Center, l%5. 

n^ain training in a Conihat Information Center (CKl) environment was studied. Two-mt*mher 
teams were required to coordinate rudar-coiitrolled air intercepts. Training task fidelity was 
varit*d ind the ahility to ccMirdinatt* wum meastired. 

Briggft, (y.M, & Johnnton, W.A. Influence of a cliange in Hystem criteria on team periorman<'e. Jmirnal of 
Applied Psychology. I 407-472. (a) 

The influence of trunsfer from one criterion condition to another on a rudur control task was 
investigated. Whether the subject was transferring to a simpler or more conifdex task was also 
studied for a possible influence. 

BriggH, & j4»liiiMton, W.A. Eaboratory research on team training. NAVTRADKVCKN TH-I.T27-3. 
Colnmhiis. Oil: The Ohio Slate Universily. liiiman Perrorinaiice Center. I%0. (b) 
Two l(*ain Iruining experimenlH which re(|tiired lwo-iiiend>er coordination were performed. Both 
the eriteriu used to feed ba(^k system perforiiiunce iiiforinutioii and the channel available for 
coordination information were varied and the effect on rudar control aerial intercepts was 
sttnlied, 

BriggN, (f.M, A j4»liiiNlon, W.A. StinndiiH and rcHpoiiHc fidelity in team training. Journal of Applied 
P%ychidogy, l%0. .W. 114-1 17. (c) 

High and low stimnhiK fidelity and high anri low reHpHoiiHc fidelity were varied between training 
and trunsfer test KittiationK. The task wan radar control and two-member teams were used. The 
restdtH suggested proeediireN for maxiini/iiig trunsfer of truiniog. 
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Briggs, G.L, & JohiisUm, W.A. Tenm training. NAVTRADEVCEN-1327-4, AIM)60 019. Colunibuii, OH: 
The Ohio State University, Human Performance Center, l%7. 

A 4-yoar laboratory researrh (irogram on team training was reported. Conrfusioiis were drawn 
with respert to team performance as it related to task, training, and communications variabh»s. 
The uses of certain team training devices were also addressed. A literature review was included. 

Briggs, C.E, & Naylor, J.C. Experiments on team training in a ClC-type task environment, 
NAVtRADEV(:EN-TR-l327-l, AD-()08 30Q. Columbus, OH: The Ohio State University, 
Laboratory of Aviation Psychology, 

Three-member teams were used in a simulated radar-eontrol interception task. Three 
experiments were reported. Experiment one tested for the influence of replacing one team 
member with a new operator with varying experience. Experiment two varied training task 
fidelity and organization and transfer task organi/.ation. Experiment three varied operator 
c»xp«Jrience. 

Briggs, G.L, & Naylor, J.C. Team versus individual training, training task fidelity and task organization 
c^ffecls on transfer performance by three-man teams. Journal of Applied Psychology, l%5, 49, 
387-392. 

This study was an extension of an earlier effort by the authors which investigated the effect of 
task organization on team performanee. The present study extended the task organization 
variable and included an investigation of training task fidelity as a possible variable. 

Brt^wn, LL., Stone, G., & Pearce, W.E. Improving cockpits through flight crew workload measurement. 
Paper presented at the Second Advanced Aircrew Display Symposium, Naval Air Test Center, 
Patuxen! River, MU, 1975. 

A computerized technique with emphasis on design factors was described for selecting between 
alternate crew station layouts, controls, and displays. A sequence or time frame approach was 
used to allow more consideration for high workload items. 

Chapmaii, HL, Kennedy, J.L, Newell, A-, & Biel, W.C. The Systems Research Laboratory's air defence 
experiments. Paper presented at the Amcrieai* Psychological Association meeting in San 
Francisco in September, 1955. 

The incidents, impressions, and data of RANI/s Systems Research Laboratory air defence 
experiments between 1952 and 1954 were presented. Training primiples derived from the 
cxpcrinientH were the basis of a training program implemented by the System Development 
Corporation. 

Ciirkrell, J.T. Maintaining image interpreter proficiency through team consensus feedback. BKSRL-TR- 
Notc-195, Washington, D.C: Behavioral Science Research Laboratory, 19()8. 
An exploratory study was reported in which *Meam consensus feedback'' led to iniproveinent in 
individual interpreter performance. This technique was also considered valuable in inaifitaining 
interpreter proficiency in field situations using operational imagery and where an on-the-job 
training requirement exists. 

CiickMl, J.T., & Sadaoco, R. Training individual imagf* interpreters using team consensus feedback TRP- 
1171. System l)eveloi)menl Corporation. 1971. 

The iiHcfulncsH of the ^Vonsensus feedback" process in target detection and identification was 
assessed. **Teain eonseiiHus feedback'' was defined as the use of consensual judgii^.ent of 
inlerprelalion team members in reducing target identification errors made by individuals when 
working alone. Four experiments were reported. 



38 



43 



Collins, J.J. A study of potential contributions of small group behavior research to team training 
technology development, NR- 1 70-834, Arlington. VA: Organizational Eff(M tivrness Research 
Programs. Office of Naval Research. 1977. 

Theories, methods, techniques, and findings related to the variahles in group interaction, 
performance, productivity, growth, and develo|)nieiit were reviewed fronj the literalun* on small 
group hehavior research. Research program recommendations and an annotated hihliograjihy 
were included. 

Crawford, IVl.P. A rex iew of recent research and development on military leadership, command, and team 
function. The George Washington I niversity Human Resources Research Office, Alexandria, 
V.V. Paper jjreseiited at the Annual Convenlioii of the Ar.ierican l\sychological Association. I%4. 
(AL) 178 288). 

Recent research and development on military leadership, command, and team functioning was 
H'viewed. 

Crawford, M.P. Research in military training, Hl'MKR()-PI*-l<)-7k AD-IOf) 1(4. Alexandria. VA: 
Human Resources Research Organization. 1971. 

HumRRO studies were reported in the areas of imjiroving individual |)erforniaiice. unit training 
and p(Tformance. leadership trainings command and control, training technology, and training 
inaiiageinent. 

Cruain, B.W., & Laml)ertson, D.C. Functional integrated systems trainer: Technical design and operation, 
AFIIRL-TR-75-(». AD-A0I5 835. Wright-Patterson AFB. Oil; Advanced Systems I)i vision. Air 
Force Human Resources Laboratory, June 1975. 

The training value of a I'SAF crew training device was evaluated. This functional jmrt-task 
trainer was designed with a reliance on behavioral task analysis data. The device was found to 
provide effective individual and crew coordination (raining. 

Dahlgren, H.K. Crew training, A comprehensive program. WS(M'A-7r)-l3. Anc[iorag<». AL; Paper 
presented at the Syniposiuni on Science and Natural Resourc<»s in the Gulf of Alaska. I97r). 
The ini|>ortaiice of crew training for vessel o|>eratioii was diHcussi^l. Tfiirti^Mi ste|)s were outlined 
as important considerations for the organization of a full scale training program. 

[)aniel», ILW., Alden, D.G., Kanarick, A.F., Cray, T.H., & Feuge, liL. Automated operator instruction in 
team tactics, NAVTRAI)EVCKN-70-(:-()31(M, AI)-736 970. St. I^aul, MN: Honeywell. Inc.. 1972. 
Tile autliors investigated the question of whether there is sufficient commonality in Navy ta<'tical 
team tasks to warrant development of a team training system which takes advantage of s|)eciftc 
availal>le advanced technologies. 

I)ef(^nse .Science Hoard. Cretu/group/tcam/unit training. In IMvu^e Sviviwe Board, Report of tfie Task 
Force on Training Technology. Office of the I)ire<'tor of Defense Re.earch and EriKineerintt 
Washington. D.C, 1976. 

Crew/Group/Team/rnit (CGTU) training was discussed witfiin a military context. The scope, 
description, costs, research and development (R&D) support, application and iniplemenlalion! 
management concerns, and recommendations of CGTl^ training were addressed in (his chapter. 
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Edutnmd, G^. Current status of the technology of training. AMRL.TR.64.86. AD.608 216. Wright- 
Pattereon AFB. OH: Aerospace Medical Research Laboratories. 1964. 

A summarization and evaluation of training technology was presented in this overview. Training 
system design processes were analyzed into: (1) determining training requirements. 12) 
developing the training environment, and (3) measuring the results of training. Future research 
and development needs were discussed. 

Eijennan, K., Glaser, R, ft Klaus, D.J. Increasing team proficiency through "^"^ ^ iul^iu 

theoretic analysis of the effects of team arrangement on team performance. AIR-B64-y/6.i- 1 K. 
Pittsburgh. PA: American Institutes for Research. Team Training Laboratory. 1963. 
The interrelationship of the performances of team members was studied to assess its effect on the 
influence of team feedback. Two-member teams were constructed both in parallel and in series 
arrangements. The resulu were inteipreted in terms of a "learning-theoretic" view of team 
performance. 

Eiiemian, Klaus, D.J., ft Glaser, R Increasing team prof iciency through training. 3. Decremental effects 
of reinforcement in teams with redundant members. A1R-B64-6/62-TR. Pittsburgh. PA: 
American Institutes for Research, Team Training Laboratory. 1962. 

The effects of feedback applied to team output were investigated. This effort studied 
"redundant" teams ;which have members arranged in parallel, such that reinforcement is a 
function of the performance of either one or more of its parallel members. 

EiOtemeier F.T., ft Cream, RW. Some considerations in development of team training devices. Paper 
presented at the 1978 American Psychological Association Meeting. Toronto. OnUrio. Canada 
A task analytic technique was described that had proven useful in the design of a fire control 
team training device for the AC.130E Gunship. The technique was based upon careful Usk 
analyses and represented an extension of conventional ISD techniques. Models of team behavior 
w(;re presented. 

Faust, G.W. Team training and ISD. Orem, HT: Courseware. Inc.. 19 '. 

Effective team training was viewed as an integrated part ot an overall training program. 
Instructional Systems Development (ISD) was suggested as a general framework within which to 
identify, design, and validate team training components. Techniques for ensunng team training 
considerations within a training program were advanced, 

Federman, P., ft Slegel, A.L Communications as a measurable index of team behavior. 
NAVTRAI)EVCEN-1537-I. Wayne. PA: Applied Psychological Services. Science l^enter. IWS. 
"The relationship between anti-submarine warfare (ASW) helicopter team performance and the 
content and flow of communications within the team during a simulated attack was investigated^ 
Fourteen different communications variables were determined to be correlated with th.- 
performance criterion. 

F.xrt, H.C. (;ro.ip learning and performance: A reclasHificatioii. Ihitish Journal of Social and Clinical 
Psychology, 1973. 12. 7-17. 

A distincrion between "coaction" and "interaction" was redefined and n classification system was 
based npon that re-exainination. Classifications of group learning and performance tasks were 
prrHi*iiU;d. 

<;laii«r, M. Kxperinicnlal study of team training and team fnnctioning. In H. Glaser (Ed.) Training 
Hrseorch and Education. University of Pittsburgh. Department of Psychology. Pittsburgh. I A. 

1%I. pp. WM-m. . 
An analysis of problems in team training that can be examined experimentally was presented. 
Reports of how teams react in the field and some special aspects of laboratory teams wer. 
n»virw<Ml. 
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Gknzer, M., & Glaser, IL A review of team training problems, American Institutes for Research. 
Pittsburgh, PA, 1955. 

A general overview of Navy team trainlitg was presented. The team was presented an a 
communication network. Characteristics of effective and ineffective teams, errors in training and 
their causes, interchangeability of personnel, and cross-training were discussed. Some techniques 
for the study and improvement of team training were suggested. 

Glanzer, M., Glaser, R, & Klaus, D.J. The team performance record: An aid for team analysis and team 
training. Office of Naval Research, Psychological Sciences Division, 1956. (AD- 123 615). 
Observations of Navy team operations were made to determine the factors that i;ontribute to 
effective team performance. A procedure ("The Performance Record'') was established as a tool 
for the observation, evaluation, and improvement of Navy team behavior. 

Glaser, R, A Glanzer, M, Dimensions of team performance and team training problems. In, Symposium on 
Electronics Maintenance, Advisory Panel on Personnel and Training Research. Office of the 
Assistant Secretary of Defense, Research and Development, 1955. 

A discussion of team training and procedures for improving team performance were offered. 
Four primary topics were covered: team description, team training, evaluation and measuremt^nt 
of team performance, and team construction. 

Glaser, R, & Klaus, D.J. A reinforcement analysis of group performance, American Institutes for ReH(*an*h 
Team Training Laboratory, Pittsburgh, PA, 1965. (AD-640 624). 

Three-member "series*' and "parallel" teams were used to investigate response fet*dback and 
reinforcement contingencies occurring in a team environment. Processes studied int!luded 
response acquisition, e.xtinction, spontaneous recovery, reacquisition, and reextinction. 
Feedback was based on either group or individual performance. 

Glaser, R, & Klaus, D.J. Studies of the reinforcement components of group performance, Offi(;e of Naval 
Research, 1967. 

A learning theory approach to group performance was described which emphasized 
reinforcement contingencies as a central variable in small group performance. The distinction 
between serial and parallel group compositions and the effect of a redundant member were 
considered. 

Glaser, R, Klaus, D.J., & E^erman, K« Increasing team proficiency through training, 2, The acquisition 
and extinction of a team response, AIR-B64-5/62-TR. Pittsburgh, PA: American Institutes for 
Research, Team Training Laboratory, 1962. 

Team learning was studied varying many of the same factors as thosif which have been shown to 
affect individual learning. The primary factors investigated were the feedback contingencies that 
followed the overall team response. An operant conditioning model was employed. 

Haines, D.E Training for group interdependence, AMRL-TR-65-117, Wright-Patterson AFB, OH: 
Aerospace Medical Research Laboratory, 1965. 

The effect of group inlerdependency within USAF training programs was investigated. Group 
interactions were investigated for their effects on overall performance in military situations. 
Cooperation was contrasted with a competitive orientation. 

Hall, E.R Some current issues in tactical team training. Navy Training Analysis and Evaluation Croup, 
Orlando, FL, 1976. 

Contributions to understanding the nature of team functioning ard defining training program 
needs were made. Key issues were discussed and recommendatio s for improving tactical team 
training were offered. 
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Hall, ER, A Rizzo, WjV. An assessment of t/.S. Navy tactical team training: Final report. TAEG Report 
No. 18. Orlando, FL: Training Analysis and Evaluation Group, 1975. 

The technical literature was reviewed to collect information for planning Navy tactical team 
training. Current practices were discussed in relation to the findings of the literature review and 
recommendations were presented. 

Hanunell, TJ., & Mara, T.D. Application of decision making and team training research to operational 
training: A translative technique. NAVTRADEVCEN 68.C.0242.1, AD-871 984. General 
Dynamics Corporation, 1970. 

A thorough presentation of the procedure used to develop a decision making device for 
operational training was made. The results of laboratory decision making research were 
presented and applications to operational training systems were demonstrated. 

Hugan, J.C. Trainability of abilities: A review of nonspecific transfer issues relevant to ability training. 
ARRO-3010-TRI. Washington, D.C.: Advanced Research Resources Organization, 1978. 
The effects of training on related but nonidentical tasks were assessed in an attempt to determine 
whether ability training is feasible. Plans for transfer mediation and implications were discussed. 

Hood, P.D., Knimm, RL, O'Sullivan, F.J., Buckhoul, H, Cave, R.T., Cotterman, T.E, & Rockway, M.R- 
Conference on integrated aircrew training. WADD-TR-60-320, Wright-Patterson AFB, OH, 
1960. 

Portions of this report stressed the need for training in crew coordination in addition to 
individual competencies. Measures of crew coordination were also described. Included, also, was 
a description of the first "integrated crew trainer." 

Horrockfi, J.E, Heermann, E, & Knig, RE Team training III: An approach to optimum methods and 
procedures. NAVTRADEVCEN 198-5, Columbus, OH: Ohio State University, 1961. 
Laboratory results using three-member teams in structured task-oriented settings were reported. 
The acquisition phases of learning were of particular interest. The relative importance of team 
coordination vs. individual performance . kill acquisition was discussed. 

HorrockB, J.E, Knig, RE, & Heermann, E Team truiningll: Individual learning and team performance. 
NAVTRADEVCEN 198-2. Columbus, OH: Th#^ Ohio State University Research Foundation, 1960. 
The effectiveness of team performance under various training conditions and different feedback 
conditions was evaluated. There were two tasks involved: a sentence decoding task, and a position 
judgment task. Implications for applied pr edures were drawn. 

Hulten, B.H. Games and teams: An effectivr rombinahon in the classroom. Paper prenented at tlie Annual 
Meeting of the American Educational Research Association, Cliicago. IL, 1974 AI)-()9() 927. 
The relative contributions of team competil^- .nd peer group practice to (Jassrooni instructional 
effectiveness were invest *jat"d. Rew.'^ird f -em (team competition vs. individual competition) 
and practice (group pracl'^e vs. individu^ actice) were combined in a 2x2 factorial design. The 
dependent variable was perforinai ( on a inodified version of the math game *Tnf." 

Jeantheau, G.C. The use of multi-man system trainers. Ergonomics, 1969, 12(4), 53.S-542. 

A guide for the use of an antisubmarine warfare trainer was described. Four principles for 
effective tactical team training were presented. 
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Johnson^ ft Toravia, J.M. Croup and individual performance on a single-stage task as a function of 
distribution of individual performance. Journal of Experimental Social Psychology, 1967, 3(3), 
266-273. 

This research investigated group and individual performance on a single-stage mathematical 
pu/zle. The distribution of individual performance in relation to group performance confirmed 
the authors' hypothesis that group performance is simply a combination of members' resources. 

Johnston, W.A. Transfer of team skills as a function of type of training. Journal of Applied Payrhology, 
1966, 50, 102-108. 

Team and individual trainings were contrasted for tasks that required extensive teamwork. A 
simulated radar controlled air intercept task was used. The degree of coordination and number of 
''hits" scored were the dependent measures. 

Johnston, W.A. Individual performance and self-evaluation in a simulated team. Organizational Behavior 
and Human Performance, 1967, 2, 309-328. 

How well team members perceived that they performed and how well they actually performed 
were investigated as a function of actual team output. The task was a simulated tracking 
manipulation and integrated absolute error was recorded. Changes in criteria and self- 
evaluations were used. 

Johnston, W.A., & Briggs, C>E. Team performance as a function of team arrangement and workload. 
Journal of Applied Psychology, 1968, 52(2) » 89-94. 

Two team functions (''fail-stop'* and '"compensatory"), intermember communication, and 
workload were investigated to determine their effects on team output. The fail-stop function was 
one in which team members prevented their partner from making a mistake. V/ith the 
compensatory function, a partner corrected a mistake after it had been committed. 

Kanarick, A.F.< Alden, D.C., & Daniels, RW. Decision making and team training in complex tactical 
training systems of the future. In Naval Training Device Center 25th Anniversary 
Commemorative Technical Journal, 1971, 

The implications of trends in Navy tactical training were discussed in terms of the training of 
individuals and teams in tactical and decision making skills. Two approaches to decision-making 
training were assessed and principles of effective team training were related to decision making. 
The requirements imposed by new tactical systems were -also discussed. 

Kennedy, J>L. The system approach: Organizational development. Human Factors, 1962, 4(1), 25-52. 

How people behave in groups was investigated within a ''synthetic organism** context. The 
organization was viewed as a different entity within which individuals became parl8 or sub-parts 
of that entity. The treatment, development, and growth of these ''synthetic environments" was 
discussed. 

Killian, i,, Minimize or maximize? Education and training for tomorrow's technical Navy. Paper 
pr'sentf^l at the Annual Meeting of the \880ciation of Educational Communications and 
Tcchmilogy, Miami Beach, PL, 1977. (ED-142 196). 

A Group Assisted Self-Paced (GRASP) program of individualized instruction in groups of 16 was 
derrrihed. The GRASP program was presented as retraining self-paced, individualized 
iiialruction while building group identity and instructor leadership. 

Kinkade, R.G., A Kidd, J.S. The effect of team size and intermember communication on decision' making 
performance. WADC-TR-58-474. Wright-Patterson AFB, OH, 1959. 

A complex decision making "game" derived from radar approach control was used to measure 
the performance of individuals and two-member teams with, and without intercommunication. 
The dependent measure was productivity per person. An examination of individual performance 
vs. individual in a group performance wis made. 
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Klaus, DJ., Glaser, R Studies of Navy guided missile teams: Final report. Pillsburgh, PA: Auiericaii 
Institutes for Research, 1958. 

This brief summary of research prt>cl activities conducted by the American Institutes tor 
Research under contract with the Offv e of Naval Research included a digest of activities, a brief 
history, and an annoUted bib^.^-aphy of reports produced by the projott staff. No terhniral 
findings were reviewed. 

Klfius, DJ., ft Glaser, R Increasing team proficiency through training, I A program of research. AIR-264- 
60-TR-137, AD-252 866. American Institutes for Research, 1960. 

A program of research was described which attempted to explore various fundamental asperts of 
team proficiency. Of primary interest was the process by which the profitienty of a team, an a 
whole, develops. A learning theory model was used. 

iUaiis, D.J., ft Glaser, R Team learning as a function of member learning characteristics. American 
Institutes for Research, Pittsburgh, PA, 1963. 

Team proficiency was manipulated using operant conditioning techniques. The extent to which 
the individual learning characteristics of team members affect the acquisition and extinction of 
team responses was studied. 

Klaus, D.J., ft Glaser, R Increasing team proficiency through training. 5. Team learning as a function of 
member learning characteristics and practice conditions. A1R-E1-4/65-TR, Pittsburgh, PA: 
American Institutes for Research, Team Training Laboratory, 1965. 

The variables investigated in this study of team learning included individual response 
proficiency, rate of proficiency attainment, homogeneity of proficiency among team members, 
and delay between individual and team learning. Three-member teams were studied. 

Klaus, D.J., ft Glaser, R Increasing team proficiency through training. 8. Final summary report. AIR-EI- 
6/68-FR, Pittsburgh, PA: American Institutes for Research, 1968. 

This report summarized seven technical reports on team training covering a time period from 
December 1960 through August 1967. Each of the seven research studies was described and 
reviewed. This report concluded by identifying practical implications and underiying concepts of 
the research efforts. 

Klaiis, D.J., ft Glaser, R Reinforcement determinants of team proficiency. Organizational Uehavior and 
Human Performance, 1970, 5(1), 33-67. 

Both ''series' teams (requiring specific input from each membci) and ^^parallel" teams 
(containing redundant members) were used to assess the differential effects of f/onp 
reinforcement on individual team members. The effects of entering perform.^ncc, 
supplementary feedback and simulation on training were studied. 

Klaus, D.J., Grant, LD., ft Glaser, R Increasing team proficiency through training. 6. Supervisory 
furnished reinforcement in team training. AIR-EI .5/65-TR, PJUsburgli, PA: American Institu'cs 
for Research, Team Training Laboratory, 1965. 

Thf effect of simulated supervisory reinlorcenient on the speed of team response acquisition was 
studied. This report offcied an explanation fur a previously noted reduction in individu .* up 
member proficiencies when individual training was terminated and team training was 1. ,iir 

Kribs, H.a, Thurmond, P., ft Mark, L Computerized collective training for teams. ARI-TR-V7 * 
Alexandria, VA: U.S. Army Research Institute for the Behavioral and Social Sciences, 19:.. 
A review and evaluation of the available literature applicable to the development of inHtriictioii2» 
strategies for computer-assisted team training was conducted. The major elements requiPfd for 
the derivation of team training instructional strategies were also identified. 
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Krunun, R.L. The effectiveness of integrated creiv simulator training in dei^eloping creiv coordination 
skills. AIR-238-S9-IR-%. Washington. D.C.: Ameriran Institutes for Res<«arch. I95<). 
A 30-mon(h study designed to assess the vahie of a linkage device for promoting crew 
roordination was summarized. A presentation of techniques employed and results ohtained was 
included. 

Krunun, RL., & Farina, A.J., Jr. Evaluation of a 8-52 integrated flight simulator for its r/eie coordination 
training potential as measured hy crexv communications and performance measurvs. AIR-327- 
6I-FR-230. Washington. D.C.: American Institutes for Research. I%l. 

The results of a study to assess the value of electronically linking creu training simulators to 
allow for more realistic crew roordination practice were dis(*ussed. New devices were also 
Investigated in an attempt to determine more precisely the nature of crew coordination a(*tivities. 

Krunun, R-L, * Farina, A.J., Jr. Effectiveness of integrated flight simulator training in promoting H''*2 
crew c(X)rdination. AMRL-TDR-62-l. Pittsburgh. PA: American Institutes for Research. I%2. 
The value of a B-52 flight simulator coupled to a navigator trainer for promoting <Tew 
(Coordination was assessed. Special attention was given to two aspects of communication (palt<Tn 
and volume) and their relationships to crew coordination. 

Kuri lof f , A.H., & Yoder, D. Teamwork in task ana lys is. Training manual Eva luat io n of t h e Ma ri n e 
Corps task analysis program. TR-9. ED 127 421. Arlington, VA: Office of Naval Research. 
Personnel and Training Research Programs Office, 197S, 

This training manual provided guidelines for effective teamwork and team d(*v(?lopment. The 
major obstacles to optimal team performance were discussed and '"management hy ohjectivcK* in 
teamwork was explained. An annotated bibliography was included. 

Laughlin, P.R., & Johnson, H.H. Group and individual performance on a complementary task as a functi<m 
of initial ability level. Journal of Experimental Social Psychology, l%6. 2, 407-414. 
The effects of group as opposed to individual performance on a ^^complementary task"" was 
studied as a function of initial ability level. A complementary task was defined as one In which 
each person is assumed to possess some resources that are imshared hy the other group members. 
Subjects work(;d in pairs. 

Lemke, E,A., & Hecht, J.T. Effects of degree of training, group size, and inductive ability on the transfer of 
conceptual behavior. The Journal of Educational Resparch, 1971, 43-4S. 
This experiment served as a partial replication of studies which have indicated that training low- 
ability subjects in homogeneous pairs facilitates individual transfer performance on concept 
attainment tasks. 

Levy, B.I. A preliminary study of informal crew conferences as a crew training adjunct. AFPTHC.-TR-S4- 
87, AI)-066 043. Lackland AFB, TX: Air Research and Development Command. Air Force 
Personnel and Training Research Center. 1954. 

The effect of crew conferences as an aid to aircraft crew technical training was investigated. The 
conferences allowed for informal and interpersonal crew member int(*ractions. Attitude 
measures, a sociometric test, and a measure of psychological tension wore the dependent 
measures. 

L<jftuii, G.Ii, Dark, V.J., & WilliamB, D. Short-term memory factors in ground controller/pilot 
communication. Human Factors, 1979, 21(2). 169-181. 

Sources of memory errors in an air traffic control system were investigated using simulation 
techniques. Two major determinants of error probability were Identified. Implications for 
improvement within the information encoding scheme were made. 
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McFann, H.H. Training for the military. HuiiiRRO-PP-3.76. Alexandria. V\: lliiiiiaii Resourres Rrscarrh 
Organi/ation. l*)76. 

Data and trends coiireriied with military training wrn» siiiiiniari/ed as ihcy apply primarily to 
individual training. Basic training and s|MM iali/.rd skill training m rv disrnssrd. Coinph-xitirs and 
rosl considerations were observed. 

McRae, A.V. Interaction content and team effectiveness. HninRRO-TR-(i()-IO. AD-637 311. Fort Benning. 
GA: The George Washington University. Human Resources Research Office. l%6. 
The effectiveness of small combat teams which require cooperation and coordination among 
individual members was investigated. The primary goal was to study the relationship between the 
interaction of a working team and its effectiveness. 

Meisten D. Team functions. In Behavioral Foundations of System Development. New York: John Wiley & 
Sons. Inc.. 1976. 

This chapter investigated the effects of team variables and training on team performance 
Improvement. Among the variables discussed were team si/e. composition, organization, 
training, performance, communication, attitudes, and motivation. Developmental implication.s 
were included. 

Morgan. RR, jr., Coales, G.D., AUuisi, E.A., & Kirby, R.H. Training and performance effects of team 
training loads. ITR.78-14. Alexandria. VA: I S. Army Research Institute for the Behavioral and 
Social Sciences. 1978. 

The data of 10 studies were combined and reported in thin intorim technical report. The studies 
investigated the effects of different percentages of untrained team personnel on training and 
performance effectiveness. Implications for optimizing team training .strategies and performance 
effectiveness were discussed. 

Morrifkselte, J.O., Homselh, J.P., & Shellar, K. Team organization and monitoring performance. Human 
luictors. 1975. 17(3). 296.3(M). 

Varying labor differentiation conditions were nse^ to study individual and wo-member team 
performance. The task was signal detection of multiple displays. Implications for team 
organization (for detection tasks) were derived. 

Niigay, J.A. Research related to CGTU training. Paper presented at the 1978 Meeting of the Training and 
Personnel Technology Conference (TPTC) on Ccew. (;roup. Team, and Unit (CGTU) Training. 
Washington. D.C. 

U.S. Navy Research concerned with team training in an information processing or problem 
solving context was presented. Human interaction variables were related to Crew, (iroup. Team, 
and Unit (CGTU) training research. 

Nayion & Briggs, G.E. Team-training effectiveness under various conditions. Journal of Applied 
rsychology. 1965. 49. 223-229. 

Dynamic team functioning was examined by adding substitute meniberH with varying experience 
levels and by altering task complexity and organization. The task involved Hinuilatcd radar 
control of manned interceptors. 

NaylfM-, J.C., & DickifiAon, T.L Task structure, work structure, and team perforiuame. Journal of Applied 
Psychology. 1969.53(3). 167-177. 

Two levels of task structure, two levels of task organization, three levels of work structure, and 
five blocks nf 40 trials each were factorily combined with team achievement as the dependent 
measure. TbiH study was essentially a lest of the Diekinson-Naylor taxonomy of team 
performamM! (1969). 
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Nebeker, D.M., Dockstader, S.L, & Vickers, RR,, Jr. A comparison of the effects of individual and team 
performance feedback upon subsequent performance, NPRDC-TR-75-'i5. San Diego. CA: Navy 
Personnel Research and Development Center. I^)7S. 

The effect of performance feedback presented to individuals who an» or are not uitMnhrrs of a 
team was assessed. Variation as a result of team membership or the amount and sptM'ificity of 
feedback was studied. 

Nelson, P.O., & Berry, N.H. Cohesion in Marine recruit platoons. NAVMED-MFO-22.()l. 04-9001. AI)-667 
615. San Diego. CA; Navy Medical Neuropsyrhiatric Rest^areh Unit. I%8. 
The relationship of cohesiveness to personnel composition, attitudes, and perforinaiice was 
studied in Marine basic training platoons. The stability of cohesiveness over a 2-nionth period 
was also observed. 

Nieva, V.F., Fleishman, E.A., & Rieck, A. Team dimensions: Their identity, their measurement and their 
relationships, DAHC 19.78-C-OOl. Washington, D.C.; Response Analysis Corporation. I«)78. 
Basic questions about the nature of team performance and the factors affecting it were 
investigated. An extensive literature review and propositions which emerged from the review 
were included. A new conceptualization of team performance was deveJoped. 

Obermayer, R.W., Vreuls, D., Muckler, F.A., & Conway, E.J. Combat- ready crew performance measurement 
system: Phase HID. Specifications and implementation plan. AFHRL-TR-74-108 (VIl). AD- 
BOOS 522L. Williams AFB, AZ: Flying Training Division. Air Force Human Resources 
Laboratory, December 1974. (a) 

Specifications and an implementation plan were presented for a performance measurement 
system which was divided into three major subsystems: |)«:ia acquisition, data processing, and 
personnel. The implementation plan detailed five major steps. 

Obermayer, R.W., & Vpeul«, D. Com bat- ready crew performance measurement system: Phase /. 
Measurement requirements. AFHRL-TR-74-108 (II). AD-BOOS 518. Williams AFB. AZ: Flying 
Training Division, Air Force Human Resources Laboratory. December 1974. 
Training sites were visited and experts were interviewed as input to a proposed measurement 
system which would serve as a useful tool for research on combat-crew training prohlenis. This 
study also provided a useful foundation for performance measurement studie.s. 

Obermayer, R.W., & Vreuls, D. Combat-ready crew performance measurement system: Phase II. 
Measurement system requirements. AFHRL-TR-74-108 (III), AD-B005 519. Williams AFB. AZ: 
Flying Training Division, Air Force Human Resources Laboratory. December 1974. (b) 
This study reported findings of phase two of a three-phase effort into ''Research on Operational 
Combat-Ready Proficiency Measurement** performed by Manned Systems Sciences, Inc. This 
phase of the effort concentrated on the requirements for a measurement system including 
research procedures, measurement processing, system criteria, and preliminary system analyses. 

Obermayer, R.W., A Vreuls, D. Combat-ready crew performance measurement system: Phase I II A, cre^v 
performance measurement. AFHRL-TR-74-108(lV), AD-B005 520. Williams AFB, AZ: Flying 
Training Division, Air Force Human Resources Laboratory, D'^cember 1974. 
The systems approach to the design of a measurement system was used to gather information 
.'Applicable to combat-crew training. The program was designed to phase through six major 
activities: (I) requirement definition, (2) conceptual design, (3) modification of definition and 
conceptual design stages, (4) design of studies, (5) specification determination, and (6) report. 




(Xwrmayer, R.W., Vreuls, D., & Conway, E J. Combat-ready crew performance measurement system. 
Phase illC. Design studies. AFHRL.TR.74.108(V1), AD-BOOS 521L Williams AFB, AZ: Flying 
Training Division, Air Force Human Resources Laboratory, December 1974. 
This phase looked at design studies to identify desirable system features associated with training 
measurement system design. The nature of criterion tradeoffs was discussed and 
recommendations were offered. 

Obermayer, R.W., Vreuls, D., Mudder, F.A., Conway, E J., & Fitzgerald, J.A. Combat^ready crew 
performance measurement system: Final report, AFHRL.TR.74.108(l), AD-B005 517L. Williams 
AFB, AZ: Flying Training Division, Air Force Human Resources Laboratory, December 1974. 
This report described a combat-ready crew performance system project with two primary 
objectives. The first was to define appropriate performance measures. The second was to define a 
cost-effective measurement system. Implications for the development of such a system were 
discussed. 

Parlour, RR Executive team training. Academy of Management Journal, 1971, 14, 341-344. 

A discussion of executive team training as the key to successful management was presented. The 
psychological issues rather than the process were addressed. Executive team training was 
presented as an ongoing process. 

Parsons, H.M. l^hat the ISavy*s anti-air warfare training program can learn from air defense system 
' training experience. NR 170-032. Washington, D.C.: Office of Naval'Research, 1964. 
Lessons gleaned from experiences with air defense system training were derived from 
operational exercises, simulated environments, instructional techniques, and the combination of 
operational training exercises and simulation as both a training program and a method of 
measuring and evaluating performance. 

Payne, W.H., & Braunstein, D.N. Suitability of a simple task for the study of team training problems. SRM- 
65-5. San Diego, CA: Chief of Naval Personnel, 1965. 

The effects of three team organizing conditions on signal detection performance were assessed. 
The organizing conditions included individual, sequential, and parallel arrangements. The task 
was to distinguish a visual signal from background noise. 

Prophet, W.W., & Caro, P.W. Simulation and aircrew training and performance. HumRRO.PP-4-74. 
Alexandria, VA: The George Washington University Human Resources Research Office, 1974. 
Major areas of U.S. Army simulation usages were outlined. Equipment development, crew 
performance, and training were emphasized. A program which emphasii;is engineering and 
behavior principles was suggested. 

Ralllff, F.R, Chlorini, J.R, Curran, C.R, & Shore, C.W. Evaluating combat crew training performance 
using criteria of minimum performance atandards. AFHRL-TR-70-50, AD-722 409. 
Lackland AFB, TX: Personnel Division Air Force Human Resources Laboratory, November 
1970. An 1 1 -point rating scale and minimum acceptable performance criteria were developed to 
measure training progress for the F-4 combat crew. The effects of previous crew member 
experiences on performance in combat crew training school were assessed. 

Savage, RE . A multiple-regression information-processing approach for assigning individuals to a 
training strategy. Masters thesis, Virginia Polytechnic Institute and State University, Blacksburg, 
VA, 1979. 

A method for maximizing training efficiency within the constraints of time, money and the skills 
needed was developed. The approach involved matching a particular training strategy to 
individual characteristics. 
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Shriver, E .L, Malhere, RL, Griffin, G,R, Word, LE„ & Root, RT, REALTRAIN: A new method for 
tactical training of small units, Kinton, Inc, Alexandria, VA, 1975. (AD-A024 030/9ST). 
A low-cost tactical training and evaluation technique for use in Army unit combat training was 
described. Simulated combat situations which are realistic, two-sided and interactive were 
employed. The system was based on standard learning theory principles. 

Siegal, A,!., & Fedennan, PJ, Communications content training as an ingredient in effective team 
performance. Ergonomics, 1973, 16(4), 403-416. 

The relationship between helicopter team performance and the type and amount of 
communication among the team members was investigated, information derived from this study 
would be used to develop a course which used communications content as a basis for improving 
on-the-job effectiveness. 

Siskel, Mm Jr,, Lane, F,D., Powe, W,E „ & Flexman^ RE . Intra-crew communication ofB-52 and KC-I35 
student and combat creus during selected mission segments. AMRL-TR-65-18, AD-617 598. 
Wright-Patterson AFB: OH, May 1965. 

Within-crew communications during peacetime training flights were examined as a function of 
crew experience and selected mission tasks. Cvew transmission and message rates were the 
dependent measures. 

Short, XGm CoCton, T., & Klaus, DJ. Increasing team proficiency through training: 7, The simulation of 
team environments. AIR-E1-5/68-TR, AD-669 687. Pittsburgh, PA: American Institutes for 
Research Team Training Laboratory, 1968. 

Three studies of simulated team environments were used to study the decrement in individual 
performance which occurs when individuals are transitioned to teams. A learning theory 
approach was followed. 

Smith, E .A, Pour systems for controlling multiscreen or team training presentations. AFHRL-TR-77-83, 
AD-A05S 093. Lowry AFB, CO: Technical I'raining Division, Air Force Human Resources 
Laboratory, December 1977. 

Procedures and techniques were developed for generating simultaneous presentations of more 
than one visual image or images with more than one visual component. The techniques were 
applicable to coordinated or team training instructional situations. The discussion included 
implementation instructions. Results of a field test and a usability evaluation were also included. 

Smode, A<F< Recent developments in training problems, and training and training research methodology. 
In R. Claser (Ed.) Training Research and Education. University of Pittsburgh, Department of 
Psychology, Pittsburgh, PA, 1961, pp. 493-573. 

A compilation of training methods, materials and procedures of training and training research 
was presented. The chapter was designed to provide researchers with ideas, techniques and 
procedures. Research implications were included. 

Swezey, RW, An application of a multi-attribute utilities model to training analysis. Human Factors, 
1979, 21(2), 183-189. 

A Bayesian-oriented decision making paradigm was applied to a military training analysis 
problem. Results of the ^^multiattribute utilities modeP' application were discussed and a 
comparison was made with a simple judgment analysis model. 

Thurmond, P,, A Kribs, H,D, Computerized collective training for teams: Final report. ARI-TR-78-A1. 
Alexandria, VA: U.S. Army Research Institute for the Behavioral and Social Sciences, 1978. 
A demonstration and evaluation of a brassboard for Computerized Collective Training for Teams 
(COLT^) was conducted. The design and implementation of a team Instructional Systems 
Development (ISD) model from which sample training materials developed was included. 




Trussell, JJl, Watts, G,W,, Potter, N.II, & Dieteriy, D,L Team performance research: A retnmK Dayton, 
OH: Systems Research Laboratories, Inc., 1977. 

A literature search was conducted into team member interaction auii the individual capability of 
group members. Team functioning under conditions of stress or task overload was givt^i 
particular emphasis. Research program recommendations wcic suggested. 

TRW Systems Group. Spacelab cost reduction alternatives study. Volume 3: Crew training task analysis. 
TRW-26904-6002.TU-00.V-3. Redondo Beach, CA: TRW Systems Group, 1975. 
Functions necessary to meet flight objectives were identified. Each function was then analyzed to 
determine thr major activities which contributed to the function. Each major activity was further 
analyzt^i to define specific operator tasks. Training analysis worksheets were used to doi^ument 
the iiialv^is ol each function. 

Vreuls, D,, & .Jivor, ILW. Study of crew performance measurement for high-performance aircraft 

weapon aystt^m training: Air-to-Air intercept. NAVTRADEVCEN 70.C.0059.1, Northridge, CA: 
Manned Systems Sciences, Inc., 1971. 

The development of methods and measurements for the requirements of an automated high- 
performance weapon system trainer was discussed. The problem included the specification of 
measurement for training of the pilot alone, the weapon system operator alone, and of both as a 
two-member team. 

Vreuls, Dm & Wooidridge, L. Aircrew performance measurement. Westlake Village, CA: Canyon Research 
Group, Inc., 1977. 

One approach to the development of aircrew performance measurement was used to examine 
some of the considerations, methodological issues, and progress in selected areas of measurement 
analysis. The approach stressed the aircrew environment. 

Waag, W.L., & Haloomb, CO* Team size and decision rule in the performance of simulated monitoring 
teams. Human Factors, 1972, 14(4), 309-314. 

The effects of team size and the decision rule used to define the requirements of a team response 
on team monitoring performance were investigated. Teams were composed of from two to five 
members and the decision rule reflected either a parallel or a series response condition. 

Wagner, H., HibUts, N», Rosenblatt, R.D,, & Schulz, R, Team training and evaluation strategies: State-of- 
the-art, HumRRO-TR-77-1, Alexandria, VA: Human Resources Research Organization, 1977. 
Information for planning research and development programs in the area of team training was 
provided in this literature review. Gdps in team training strategies and evaluation techniques as 
well as new team training strategics and evaluation techniques were identified. 

Wagner, RJ. Rehabilitation team practice. Rehabilitation Counseling Bulletin, 1977, 20(3), 206-215. 

The literature and experimental research on teamwork were reviewed. Implications for team 
practice were drawn and the difference between group interaction and pooled individual 
responses was discussed. 

Wallis, K.B., Ewart, W.L, & Kaufman, R.A. Instructional system approach to flight crew training. Human 
Factors, 1966, 8(2), 173-178. 

The rationale for analysis and definition of flight crew training requirements was discussed. The 
determination of flight crew training requirements was approached from a management point of 
view. 
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Wehb, N.M. Learning in individuul and small group settings. Personnel and Training Research Programs 
Psychological Sciences Division, Office of Naval Research, TR-7, Arlington, VA, 1977. 
Learning in individual and small group settings were compared. Differences were presented as a 
function of both stude*:t ability and group pnx'css. Individual achievement, ability level, and 
aspects of group interaction were investigated. 

Williges, R.C. Johnston, W.A., A Briggs, G.EL Role of verbal communication in teamwork. Journal of 
Applied Psychology. 7966, 50(6), 473-478. 

Verbal communication hetv^een teammates was examined as to when it was necessary and when it 
was unnessary for ^ask performance. The task used was a simulated radar-controlled aerial 
intercept. Training transfer from oni condition lo another was also investigated. 

WfHmU M.E Improved aetv member training through a new philosophy toward training. AFHRL-TR-70- 
31, AD-723 313. William^ AFB, AZ: Flying Training Division, Air Force Human Resources 
Laboratory, August 1970. 

An effective technique for implementing a process-oriented instructional system was defined and 
described. The systems approach to training was emphasized and the use of behavioral objectivt^^-^ 
defined in observable term was stressed. 

Yaeger, B.Wm A Bell, J.D. Techniques of quantitative performance measurement f^r XS^f/ team trainers. 
Honeywell Marine Systems Division, Gilifornia Center. 10th ISTECUndustry Conference^ 1977. 
This paper was aimed at the improvement of evalMation techniques for co*nplex interrelated 
performances in team exercises. Means for providing detailed measures of team, subteam, and 
individual performances were detailed. A model was provided. 




